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IdA 

* 


oJwv^j ojL^M a-Jlp jj j^-*-*lJI dLta t^jULll -> t v IwL* ^p 

JJJl oL*^w*Jl^ *L>- ^JL J ^-*w«lJ L A^-^Aj 4j I Lo_S" . O ^-*UsLa 

. 0-»A>*Jl ^Jl*JI (J^>“ l Aj Ja->EJ (^£jJl O _^JJ *W^3 JJ^P AjI^LoJu 
A llal ^IJl>& 1^L ^*P oULLlS^I ^a aJu>-j ^3 ijl^JjL 

' f, 

Aa jJfl^Jl J ^^j^L J-&J . O^jJ^Jl <J>L>- Ca1?LwwwJ| ^3 AjLp 

J5 jLjj . j_^Jl ,y A-Jl < y^sjj ot L* ~L*->I ^Jl Lv>x-jjJLi £-ojjj pj 1 4»w^«wJL!l 

f, f. 0 ^ 

O ol Jl^-1 AAjU? jl t As^LaLdl j-ftl ^iaJl {y LLi? 0 ^SGl w-^p»~LpI y* oJl>-Ij 

^ ^ ^ £. ^ 
^j_Lp 0» ,./? *,~„,>*1 La L-lLp <■ ^ ^_JL*_J| (J J) ^ A ll OIpo J*3 COjjLj AyjS (*\y>-\ j\ 


^y ol Jj&h i JiLa aLl**»I jlii3 i. < y*j s x I j^LiJ LoAip I Aj^>tP % ^l 

$ j-^j A^JJia frLo,-»«Jl o j-5sJ ol Jbft® jl t ^-*JI L^ 0 l3 u<w -q-jl11 

j*JIp ^3 AaJL^^JI (J^_>- AoLJl Aj I W ? A>t-A ^IxJl ^^jJl O^LpL*-J^I 

(J y>- jjwU. 3 AiJliJl AjjJ>e_P jl Lai J . O J-O-J l C ^J>ejJl jJ JJ ^Ji-Sj t ^ J_>*jj| 

(J^Ssj ojl j-J*> La |*j>cj ' < ~~ > J*° L) 1 C A»-*ia-*J! ^ jU^AjI A>&jL>- 

^j-a ojjJJl jio-J t <J J-^ AajI jJl 4 j ^J> t-P^l La|j . (* j^zl Ji ^y* JuJj>~ 

c a^j j^Jl i^SUJl oj3 ol j*j L (J js>- Aw>»L>Jl jj^j • \ ^3 t oIpLJ! j I t oliS j-oJl 

(j^^l ^3 Aj ^>c_P ^ f' I J t OtSLoJl C^Lp^Ji>“l (J ^jJ>- j^Jll3 A*>»^LwJl talj 

^^-Lp A-wa-^JLws^o cJli? ^iJl ^ 0 j-^Jl jUJl t \j^-\ <■ ^iajJ ^ . aJlS* ^ la.xJi 

. ALaLJl Aj^^xP^yi 0^^-> Ol LftL^P L>-*3 l I 


0 



# ' f. > 

oliLLxS"*y l>«— l <JjLa | j l iO^Js\ J aJL^-^ 4j«JJ t L_iSj^Jl 

v -.,s.>-Lp 1 t^jsLJLxSI ^Jl ^iwL) L^jI bJ 1 bo Jo- c— 3 j& o a*5\Jl3 

. Jjjl 


i*^ol>- y^J t ^3 t j^LgJ jlSsJjU c~>L>- jJ j 

^LpL L^_x>j i ^ jXj j^*IS J-*»*L>- jv-5 i j»Lp ^IjUL 

{ y i^L-o-L^ i y aJ .^ p £jL>j » dJLUIl aJIj^jj t «ji->Ij>-j^ 

. ^J uj~a\S Aj*^oL>- ^3 oljj^jJl J t Jj wLj ji 

* p 

^3 t ^ ^»ip c ^.A j j*a is" ^3 <. j 

^3 (_£ cLU-aJI ^Jlp d->L*»>l j jJ 1 ^ *\ *\ ^»1_P t Itj Jo- Owwm-^jIJ Jld do 15* -Aj ji 

l^bd^l t4» s> *>/L^V! d->jj>s-w U LL a^-v>»^>3 ^3 ^Ip .xx^Jl ^Ji jl> j^qLS* 

jv-Lp d->t*»l>J j*oJl c ^ j»Lp ij j* > Jj jt-» • a^^LaJI f-L^wiU 

. JLSOLdl j t-iiliJl 

LkJUaJj t cLLLaJI ^*-lpJ) Ao-ilotJl ^lp Aj A-o*JIp 0 ^lp ^j.s^2->“ JjsJj 

jtJUJl ^^ip aLooj »w3j J-&J • A y h ^S jJl oN ^L>tx>Ji ^jJ*-*-* ^ aJL3^I ^Ij J} jL>J 

J oLaJJ-^ aJj . A^_L*Jl £y*y&\ j-Jl ^3 o. S j t ^3 ^^j|j ^Qaj 

O LU5o ^CLoJo AjI t JjjJaJi aJ J ^J t J to ^jJlj A-wOCstJl t _^- c ' O jb>- oJjJlP 

<# 

. a^>c-^J 1 c5^" ^ j*p b^jLiplj ^^Axil (JLj>%JI 



4 4> \n 4 


U-fiJj . l 4Uudi ^J-P ^ t ^J>3 'IzSsJl Ijjfc AjLS' o j £- 5 > oLLj 

^lp (1)1 t 4-o ^5^1 oU 1 J^)_P 1 j ^-ko2j ^obJl <1)1 Loolj c 1 oJl>-^ 

^ji £-_^Ji o v ^o>-ip'y ^oojjl jjwp c ^<>-*-j Jh . lIU^ j^S^oI Lo c 

. i>-L>J| oJl^j jL-j>-I t|»UJl ^jlaJl 


fj^ 2 -*- 3 ' (_yi| L>-li>t» t 4 j o*l>- (_$jJl l^-O jj j i £-■— Ji * -w>-Ip > >U (_£j Li>-I j Jiij 

jj J j h « /3-; i 4- — ^...Lll iojJalxJlj ^y» 4-j^S0l CjI-UjI JJlU . ^,.,«.«ui."Jl 

4o>-L^^* LflSJj t +/3 ijw O Lp^-O 3 l frL* 4o ^J>t-p| ,J-5* (l)j • ^_>«o Q-^ J, k - a 

(Jk*- y* 4-*JjJL<Ji j-wP j-klj-kJl ^o2-*o ^^JjVl ij ^j^-p'yi (JjLjo lj_$Lfcj 

- > J \ f. f 

^»j->*lSl ^j-Jo u J->- t 4-ollSl 4jj^>tpVl olUj ^Jbj . 4-fll^aJi ^ IjJj^lJco 

JjJu ^^-9 iiJLiJl 4jjj>t_p'yi l*lj . 0^^J>«-<JI ^^*Ji oljj LloJ t pLo-**J| ^3 bj_>- J 

. oljl>tfij'yi lLUj J-*j b^iko la J ^>- i*j! jJlj t o ^>*kl<Jl ^ J ^>- 

.■t . la . p l L«ljj>-I L^lj L&.LS" L^j j^ L a . ^ JjI^o ^lJI 4_o.>L>cj| ^*03 L>cJ I 4_J ^>tpVl joj 

\ * f 

llXJoj . ilLi-flJl ^ J^]\j l oljljl^SllIj t f-l^j-wJl JjJLiJ \S c^_lip|j 

,JA t^^SlLlJl ^1 Ji>- ^3 4-* r kS l l^J P j-fij Ji ^^lll io ^jj| JI^Jl J^p <L*oLJl 

. 4-o - JaP ^-w-oIap oIjjJlptJ 

^ > >f * > 

^ J^T ^ *>— -^ ^ C ^-c^Ix>Jl (1) ^^-ll L-5^ 4^jL*aJ| 4j ^>t_p V j/l 

L>e-fl_i ^ lo I Jo J_3 O^^Jl (1)| • 4-L--djl^«-a 2o>so t (1) ^Sdl ^zo^lo 

(31^-Jlo f • ^ cJ 4JI J-Aj ?Big bang ^XJl 


V 



s> „ > 0 ' ' " 

. a\S J jp- oUs jJIj i^r^~i y* l “® _>*~^ VBig crunch j*_Jip 

t Jl*j Lg-L>- j»J ^lil jL*J V I L/3 *J ^wL*J i^llSul iaJjL* e)l JV-^ jJi ^ipj 

Jw^LjcJI “U^LuJl (j Axia>- (_5*U! ^-L>iuJl y <■ ^yJl a-^cJL t aj^>&p-I •> I j p-1 1)U 
(_5-Lo ^^JIp c.~ l _yJl <u_«JL><J! t j— j| jjjJl jj . L ~. 7 (jl l_~»-jJc> liLJj . iojSUl jLiJVl ^ 
^y3 C y* > iJLlj £tJjLj ^’yjLp C ^ Jl . - >< a . 1 1 V — ^S^SUl |j_A ^yj l (1) j ji 4_j*Aj 

^yiS’jLLj jl (_yXj| j . ^ "S^o (jJaJJ LgJl ^y* S j_JL<Ji a_a_JL>*JI 1/^j 

^ ^ «* 

. dlta ^y° oy> t( — 

jyip (jjt_i! c j...L).U j~q\S 4_*_«L>- jl^ i ^ol ^yJl 

J jj>- of-HJ! ^_^jl?-l <• J j g 1 1 — >liSvJl iJLft i__iJlJ 

( i « -». ' ijLojS pj jjj t jlioL^jl ^Ijj tjlSCL^L?- yiyil^j 1 4j'ujzpx*tj i — > IxSCJ 1 J^LJj 

(C^oli ^yi!l 'yUuLi yyjjj L “U>c— ms jx! I IJus j..h >^ ^’yJip (jjIjI 

Jyip (Jj,./?,?nji ^y3 ^yj 4j _i_P (_£ J J i _^SJ ^ C l—J 1x5^ l J ^ J J jlj 

. (— jIxSJI 1-i^J o Jj>«JI j j, 1 i 

^yJ c^jLL>- 

<u$lLaJl f-Lij-iiJlj dilJl j» jJL*J cjL*^ 1>JL! j_y^Jl 
I) j*j 


^.4 .a^Ij LfiJii- oSl oix* y y y y (') 


A 



JH\ % aJul* 


. jLo-iVl ^1 <ji Ub’- 

. jj &. jl ^J\ <!)' Ui” 

. jJo V L> c t aJ L> c_*^>i ^JL>Ji lIaLjIj 

j£Jc^ 3 jk'*> <jt l _s-^ c ' t a 3Uo (jla.j olil j-^J ij j^Lii L« ^[S j 

yi '---'- ->-P ^ . Aj^l t AJJ«o ^ - lj P L (_£jbjl AJlL^- -AS L<*_^3 

p 5 0 -- 

j j£Jl “CoJip ^P JuJ^Jl t_3 ^jo jlj . ij j5\Jl ^jS U> JlS' t—bLi jjl ^UbJlj cJLo->cJij |_^LiiJl 

• * i_r“ A Ji t v oj N t Lu A^J i)\ j^jo AJJAs AlP jj j 

t^*^jjlAP 4_x^*» CA>J A*_x*J>- La tjiiJl £-J !_a j tv — >llSOl lA&> t — dJjpa cJ^aLj Ji J 

^J-p ^y>e_> ^2 ^/?Lp (1) v— «.« L p L> ajAS” t vjp L ^> i^p L 

Um j-*~* ^ - A j-ASv Jl Ojj-^o "V A3 0 J*ZS ^jlj2J>tj : JJ ^ LaL-P j->- A— >A>*Ji Ai-i-fiJl 

Lgj Ia>-jAAv-J V| t AJJ aS* *■ ^-Lp^/I A»Ujl> ^ ^ • ^*L*Jl ^£jULU 

^i_P IAoL^-sI ^AAj oJj» ^j_P AjJ^JI w-3 ^A>- IAS jAJj LJ j «,/9 S ojUV 

t AAa t_JJi ^3 LA I *-Pj t ^-3 jju *)I j t 4Ao JJuAj V <j j£S t jLiJij t ji j-^l j t JuLib>“ 

IJ^ 1 o U * 

^9 v^ijjj^JI A-4JL3 t L^->JJ_PJ J t LgJjlA 

t 4 _jLAj_j J j&\ j?\ 0*->l-<JLj J jIa j . J g^vwwQ L^-Aj LA>- ^P 

Ao L j^o J - 1 1 Aj ^ iajJl CA>tj U5 . L) ^_^Jl L^Aa ^aII ^aJ! ^aJI ^ ^_>«aJ1 j l *,/?A “>- 1 

a^: t j ~> Lm a w J A^a UJ i Aa^^aA ! Aj j 1?j J t L?^J i A vw> m »J 1 Aj^jSj ^ t ( ^ ^ I ) Aj A^wA«b<J 1 

. vALl^ jj^-j t Ixww^Jl ^-j-AJL L^ojL^>- 



tji jLi>4 j l jjL> ^JLp ol L^Jwo l lLU^ <j y> y^s^j 

i jIiSsJI ol Uif c ^L*Jl ^ jLaJI l^-Lo J^2_3 oLgJj>» c AOS' ^ ^ L ^~-0$L 

J^P V 4_iL9 4 -O’- ^«^?3l ja jA L*J— . <UlJIj 4jLoj-Lwo ^3 

. *UJLJl Lgj ^li I <UoJaJI li Jjl j la^/ail 

^3 A^SLLiJl t_^o5\Jl .J^-LaJI ^j-SsJj t V L> ^a 4JLSL>-j 0 ^-SUl ^j-Oa ‘■“^y j 

3L>cJVL j>r-> V^-mol^j j! Aj V 4 L^J j£*jsj Jj> jA La La J5S\j tL^j jS\j J_£ La » — j j *. Jl 
aJL>- j! 4_LS" OjAL <1)1 3 L<o L^-la Lo (1)1 cLLS. 3 ^a ^A-iVlj . 4 J ^Pjuj 

f i t, f. * 

ooLliS” ^3 Vj p. 1 j j^>*_) ^ ^J-*JI oAa JJL ^Lp oLSo t jA>-Vl ^Lp Lis j 

o-0>c_> la 4__— >t_P I ^ . Aj^-3 A*jLqA 0 4 ^ t A>^j <jl ^*-Pj *■ <— 1 jAJi t — -’llA ^a ( ^Jj>c_L*Ji 

c 4jL>t^>» 4 j oL^jVI ^Jl j-p-U j t ^JL*-> aJJI coLI ^A I <Lj jAJl < -.iSAl ^iSLJl j^p 

^ ^ ^^a Lo L^Ls 4 LoJ ^ 1 l ^ *a A»^«^“ ^-o La t ^ -Lp ^j-*n^La»-o ^A 1^)1 

L*_vM ^J ^7^"! jt-A «w-> ^-L oJ-P oLSLlj tcjLoj^/lj ( J^jjJl jA La Vl (ALL 

Jj >- j tv » r*Jl j&-> ^y* 1 03 j_>*-«Jl 4ji^i>cJl ^Jj_ toU-jVI j^ll v — •> Js\j t jt-LLU 

ilfL^ry ^Jl jUa^ <^Jt (*-«AJi y^fl jy < jiji^~^ 

o j-^ <1)1 Ij^jl l^l t L^_» -^I^j jl j-^-*^j V td->jL^? i^j>- j^kJl lILu oL£o 

^ ^UjoV I ^jIp { j^>^j \jS^2.a j t 4 jIjl^JJ V ^iSLLS j t oC lJJ V ALiJJ t ijJl L _ 5 ^~p^ 

. oLwV^ ajIj^JJ i) y>>j L)l V t ^j>sJl ^J_*Jl ^_^Lp /jjjJl 

^Lp AjLaJ-P oAL^J>- J^>uj ol j-iJl tSjLiJl ^Lp* V LoJwo I Aa 

^xJl ^J->tJl t P-L^J_*Ji >w->LJl iS~) j*>- <j ^^^1 j*. ^1 J jLlj Lo-a 4 vOLjl^oJi v 3 

V-P ^xJl ^3 ^LAaJI c j-a ol i>l ^p V j iwj>tp Vj . ^j3> jA>c^>Jl oIa^I LoJLL 

* t> * * f. 

^yi 2j*_j t Ijujj ijo jjj t L0wJi3 Ll^o t r +\ i iJiSsJ ojLs^ <jl o^-j t ^y>Ow<Jl IAa 

. ^3 La ^|SL cA?L>-l JLi ^^Jl <aO£J| 

^-UJl ^yaJUJl oU^Vl ^1 jLk t ir^J c ^^Jl ^3j 1 1 Aa 

* ~ -0- . ♦■ 

. ^^i-p LiL J^LJl ^^LJI j *j 2ja Jl j*s>xA ^3 ^Jl as ^^ oJl LA^ t 

iiAl jJ j t ojLoo v — >LSLl IAa p^>«j dj *- K>j j ^ j 

‘CpLv’j 4JO>->r- jj .^3 jJajJl ^Lpli t J-Sw» ^Lp p L- 5- : ^ (^ j> ~ c j 

t 4_ilAo t oAi“La l ’jAj ^P>“ t aJLJlS” J-$Lol J t J^>-i ^Lp ^W2j tljl^ 



^jLoJl oJwjLiJl ^ t L-^ ^ ^ L^n^J ^J-»-£j 

,j^»Vl L»Ju>“ d->lxJ-«jj 

LJlp aIIsj jJ L* Lo j t oLo^NLi L*j jJLa *-iLta t j+-L*Jl ^**^*-1 L* ^ I 

. jpJl ^-L*JIj L*j t <w^-^\Jl oL^j'VI (_3^^ u^ '*~^*^*i cS*^ ciU^ 

— - ^ ^ ^ ^ p ,1 • ^ ^ 

oLI ^S*.} j-^ ^1 t k ^l^Sol c-AJj» <1)L> <■ <olJL>*JJ ^\-^>c_»-*J c l j ~*~ ^ ol a- -»j 

ol^J La til)L«-(^l J-v^ jjk Uj jj&L>t j Ajli t Lg_5J L=«- ^Jl 0 ! ( _5"~ j j 3-^*-^ 

j^j>- jjL<J! iiL^I l j- a L<kjj^ 3 -^^*-^ 3-U- ^Jl«j ,_3^^ j-^-^ oLiNi <_j.il sjLi! 

.jjUSfl v-Jl£]| 


*^JI 

^ I oL<3*>j j jli 


aSjLlSI 

j» U\o JjVl U 

!» Y • * £ \ 






^O-Lp ^3 c UU- l o (J ^i>tJl ^p a*j j**> L^UapI ^jl *^lzS3l - ' , Ig^t 

. 4-SOaJI jLjjiJIj OJJUJI 

c jl L^-sAj«-i ^p aJ. . /? aJ^ q vm^ I ^- a • .-. . j Lla as j-oJi ^Jl Lp 0/ 1 

aI jj>-\ a\j ji to jJji OaIJ->-I ( j -a AAjLb jl i aJ j^Jjt^aJl ^1 jiaJi LLja JiLaJi L^SAJj 

<L»_Jip oL>~l>o |»Ij,a- 0/! oJu * oO/ jl>*Ai JjjJj . Aj-ilp jz&J 4m\j A-j_^ 

. ^^ULS'jJlj £*k^l 

jSAaj l^La OU t LgJlS' £^j| <_~^>-LpVi aJL* > -Ij ^ !-L>-Ij Ua^>- i3Ll*> 01 ^-pjj 

. AX^SLCUo 0jyS2j YjAJ" <1> 1 

j_gjij tojC^L. j_jjLiJl lijLJLij 01 p'i/ 1 ojjsi l!0*O»- 

/v-> <u£LLjJl Jj_* 1 J-Iajl O' J ->-v2 >J ^OJl C ■ - I*? . O >*^LoJ I OAxaJI f-L^-Lp A- a w 0 ^0\Jl «. 3 1 

. L^J Jp- oL y? - ■ 1 Oyx^JlJ 


\r 




(>) 


4 -uuljLJ| Sjjlid 

* f 

LJIjJlJI )JU Li ^Ugliiltl Culj La J_Lc 


<^>-j ^Le- 1 by^ {j* ^ £ cs^J 1 ^ ^ IV j»Ip ^y* ^ y^Zi ^y ^Js tiiJi jlS 

•" > ' > t. 

• ^ . •> i ^ yA ^^ V kJ I 1 - 1 ^ J Ix^i-X^P 4 ta\j >-A^>V~sJ ! 

^yb>- (j-^J • LoL^-J C-J-9 Lobj 4 *>L*3 4 ^4^(1 U-A Ol> JuLb 4 L>-jLa C-— JlA 4 

. cLU^ L^3 0-i> ^lll i_ ij j]a]\ jSz ^3 jjI (jl {j* ^ IJla i-ilwLs^o-j 

. ! ^*.«/2.A~S[j <^gjj)\ ^A V&j 

jlla>s L^j>eJ^ 4 4-oLLuj--Jl 4 j ^->«J I j& jJaj>JJ 4 _L>-j ^ UJl^p cl-Lb wLflJ 

0l5j 4 V * V ji ^1? ^>3 ^Aj 4 0 ^jllaJl oJlilJ d-.xS' . ^-pL ^ ^>tJ ^jL-»A 


o!5j 4 <-^L>- j^s? ^ 


JuLo ( ^ 5 SCUJi ^^JLi J-J Uxj 


1 J jJ>- ^^oJIp j j^ .«^ g . > cJ 4 ^3 4^-J S yi^> Aju wLo L^j>xJL> 3 ULa 

io jS^I oLjLjJJI j j^ 3 L>cJl 

oJillJ! jtS* jiajl ^ Jji lIoJI l 9 jA 4 ^JaJL 4 1 lIoIS* 

<jj\y^j v j-*-' c-Jy jjjj^>Ji jiSli ^ Oj-Ui 

^Lb ol ili j 4 <s “^i ~b>-l Jc 3 pIJlAJI _L>u Lo ^>iL*J oLS* . (Jj-sVl 

I t^) I 4 ^1 j.i I® *0 L^c 3 4 j* b 4 ■» 3 -XAj £ 1 ^. 1 i? 1 1 -L.P 4 ^ 

,_yli^ ( J-J t^ji'yi CJ>tj (_gjlyj L^jlj y? jJ"lX^>J • •^i-^T' y* L)j~^ 

cJ^ l *U*_Js> oj j-/J) l jil_*jO *— (_ 5*^J C AlOjjb ^y>- . ®“U— lj 

. io jlaSCa ojLjI ^S- 


\ 0 


c j \X>- l iitlA y OJl? J-iiJ . o-iiLjl (J *}U- (_£ O—fiJlj 

<. 4_JbJ! aIJLaII (JjISjJI Lfrul y*j N Lj> ulS 1 L°ajlpj . y ^*J1 y ijjiVl 

t “>L ^is> ^»JL> Jb y]\ J. g JL<J| I JLa l jSbj • <i» _^>tLo 0 jj^a.ij t bXta JiU 

0 ^jUaJl C-J y>~ L sJJJP- t I ^JJ-9 V 1 bb*=*tj O J-b>e->l t I 4S* jJ>- CsX3 jJLj 

> " ^ 

4,g,la.J* la«^ > US* La JJ^P c LoLkJ CbjLs<a LJ jJl lIoLSj . ^ ^j>^j Lg_ftL>tJl 
oL«ol La 1 0 — *» * ^-o ~^-Lo j LI aJ ^ jjl J_>^_flji j -l a JwoJl LLta jlS* 

■f » 

.ljul 

?4— j jiJI L^° ISL*J 

i»Uji ji ^pic (^i ^ j t J! Jtj 5! IJla ^1p CL^J! N 

y ^ y „ y y * y 

. LaLw ^jjJaJJo J3j a3^ c IJl>- j L»aJL > - LJc>- oLJLg-Jl (_£ JJi j ia b oJl jJJ.2 jlS jJD 

. ^yS> jSl I Iba j! LojJilLa (JL>~ LCv-w^L>-I j J^o (1)1 ^SLw ^ vjL^jl I JuA LJ 

i c j jr ^Ji yA <.^y> J5 ^ i ^jy (_f*j ,j— l 5^ liu-' Njl oi JjUbJj 
wLw^Jo 0 } • ; j-*J c_? jd> /^o t *Lo~JJl ^~-p t^j^>cJ! ii j- >c -^ LLJ jl . k — > c-— *J j 

L^j jJ>z-so (J '^«i-L» (1)1 t lLLJ^ (^-w t ^ 1 j-*- 3 ‘CoIJLIjVI A— j j wL^J'i 

LJ j-Cjc-v- 3 ^ 1 c iS*jj>cLoJl a>^? LJ l oJ-a ^j-^ 3 L j-L-j J^iL>«cJi 

L§j I aJL jiaJl a— ij IL_aj . ( j-^S"L*-<Ji cL>oVL jjJS ^»j->cjL Jl tCi-wj' 

. Ja-waJL aJ^j>- ^ ^ ■■s>c^Jl O j_— Jlj jL>c-JjN 1 < J_jjJaJl ^3 L-^S*ijJl 

y f. 0 > 

C 1 '^ ,_ rA^' oU ‘vA*' ilr^l cij-^' j-f <■ (* jr^-'Ij J— iJi lS^ 

i y y , p 4 

. jLj J& L^^jL? (J ^iJj ‘WCaP Aolji 0 jSsj jl Jb L 

c <L r ^yij\ oSja jl ^iS ^jvSLw OjJk^£> OjS oJbpLw^ ■-A— : y' j-? ^ V 

' - ** y 

y ^ y — *• ^ p 

lj— ywufij ojLclpL c o jJ. L a.Xj /^-Jb-vJl LiLfl jdwJi ^cj>JI O *y*\ -cSGj 

y ,, y 0 y 

. i^j ^ tjUl ■bilsli*- o jJaj jJJJlJj t *A-JLs JjCblli . UUb- 

: Eppur si muove «^Us jjJj U J> J)l\ j» 

Jwbaj oljlwiAl ji£\ j^SQjbw \jj\S j*-*J t ^Ip- Jjy JS\ JLaIpI 

4-— il 4jlj t LgJ^?- JjJj (jj^CJl j!j L l] y^lj N ixjlj jb tljjjji 

L^sui Jilj . LssJ^jjO l y?j')!\ Jy-yj tP^>cJl C J^db is y>*j> 3 j£j fr ( ^Zi 



L 'j* LJI i > jil oliL~a j J jjJG (lijl~U!) C-Sl _^SvJlj oL 

• (*j^' 

Uj^jj . UUj N j wLo ■iljjjP^I 1 jjfc O^J l«£ Jo <uiL*uoJl Uo^»>*J Ubu~*u Loa oj. 
^Jj^alii l^i^JLP oJj2 j>J ^QgJ ill LgJ j ^W 5 t ^ jJ>iJlU O I jL— 4 \ , \ JjXJjll 

ijXo2-^ 4oli JJ-3j (_^l ^3 ^>0 -Lv^j pJ jJ 4 jL iaj>-^Jj . J-JJl 



^Lp- a <, ( ^j^o>*Ji o^SCIi i — A -, n . \ ^ t jj>*jJJ Aj^jIjJI CjIjL~-_oJ! 1 ,J^_jJl 

^ ^-JaJ iiLjfc ulS' ^Jj . _ jJLJlJVi telescope ^li^JJ 

JjLp jiJ^ 2j ) ^o->ijJj J* J* o 5 C «. — J jJwPnJi 

■ ^(_y^ - jljuVl ~L^> ^<Jl 



j I ^ISsj j/ La I Jji>j 4 P- ^j>el3i ^3 ^0 ^o*JoJ . 4 la a> J-Sw< JyLP * U 
oj j^*> 4_jl3 ^LLo Jo*_> U jij jj Ul . tw^vwP^j 4_LJj JjUb aJoJ oL-^sijj ILo3j 

^J-SL*xJt ^3 C ■« c? j 1 4 J! Jjj . ^ ^p>x-lJi ‘LLcj 4j*_a^ 4 4_*3 ^0 ^_P J* ^ j jjj 

^ ^ p 5 

^0 j/jo ^ yljJl j*_>*jJI jL^o ^ jj Lb! J— j» ^-3 /^<»-i«www<Jl ^IxJl 4 ) 

^ ^ ' ' . '* ' 0 ► 

la-Lilj (j£ JJi ^ 5 T ^JjjiJL> t jLla 4 I jj LjJ^ . 4Jajaj j^Lp 'j w L^ a ol^-> j S 

^ Loli ciUJlS' J . y# 4_L>J-a ^3 ^-bo 4 4-^>»La'y ! CjIjL^JI 4j^s/?I Oj 

Jl iyt ‘ V ^ t3 j-? ^ i_5* ‘ b'-f< jc^" ljs^j 1 (j-^J' 

f ~s * ' 

f \^£‘ J-o^lj L^i 4 LaL<>j ^g^wJa.Jl ^0 j!5 jJlJj 4 Ijjjk^ ! j j ^-q2-j 4^*^/ 4_<>jJ_P iai&lj 

^ ^ up ^ ^ ^ ^ ^ p 

. jjO aAS 1 U _^$3l d)lj 1 ii j>dj 'y ijlj jl ^< 2 1 jlsl i I 

* * f a ^ * „ - _ 

l \Ju jJ^y ! ^Jl<J\ J SL>- JuLli . jDL ^_p ^io IJb^l j 1 j£Jm ^SLl j 

o^La ^-j 2_? L)l jU (^•c 3YY ,% j->»L^Ji ( j^j_5"jLl^jj! 

i ^ p ^ p p 

4 ^ i i ^_iJl y^o 4-Jl1j (ji C ii ^i J^ 3 -* oUi^'!>*uJl 

■J «-'-* 0 P p ✓ ** / wp 

J_^aj_j ^-a 4_j L) LlS” OJij Jij 4 L^J_j i ^yt ^S"jLl^«->jl Jui^L&\j . Aj<^AJ>~ j j Jo Ya l) j-SLJi jl J 

^-SOJ! ^vwJj 4 J Jj>- JJ Jo L _^Jl ^ypj')! I jL 4 0 j^-g_-XJl 4ojJjSs-w j/l ^UJI^La 




.^^Ul : \r J5UI 


. lyj.il 4^>-j i_jL^Vj c Vl Ig-ltali t j jo -L>«J j*J sjlSol ( J5wJl jiajl) 

. dUi ,_y C~~Jl 3^* 

> > * 6 

4-pxJlJ o ^JL L^Jlp l */g, >8-^ . SjIj jJI JUl« i 

LaJLLP 4_> ^jlJL j ^ jJl <Gli ^5LJl *a\ . 4_»1 jjJl ^5* j- 4 i*-L*_*_J ^jL»dl 

}5 y 3 ir* i>*> *-^1 t5 ^rr^ f^j— ' t_r® ' * ^J- 5 " o jLl^ i j-i 

i { \^a jJ V 4 l ^ m fl > JjJLJ C5^ US'.^JLd t ijL^Aj 4ojlJJUxVl 

f ^ s 
tyj Jij-Jl 11* ijl^-Vl t ^5UJl {jA j£L jJ ^l^jljji jj>*a J* 

^Jl_ jJajI . Lo Ol~L*-* ^3 4 4-JUl L* t LoLj c ^JaJjJ j 

Jy«jl->- jlX»l 0 j^Lf- Jyll J->- OVl (_^- a l j*J l *}\jLo C I o * isL^wO J^JlP (V 0 o J-^e-tZj I 

jL>w> Vl <ujLL>- ^Jl 4 ^j J L 4 L^L>sj| j*x-j 1 ta J j>t^o I^-JJ ^JaJlj J^-L^VI oL>sJVl 

4l+» J_*j 4 J UjJaj j*j 4 La 4 ^ _^-Jl 4 lj jJflJ i JJCaj . Ji J 4 J_*j Vl (_£ Vi 


dots' taj t ^ dil>- ^ \ ddJL y*-> -JiSj AJfc>l>rjl JwLj V 3 j^Jl3 C 

ojufc ^A> j_SjLd~jjl ^3 ^_) wLflJ j . (J^Vl IfrA 3 jjo yj» aJLfc j g V 1 4 JLmJ! d— S' A3 

/^-o ^.SsJj t L^ap d»to 01 (J jL^ AijJj t ^|J^1 j*-JL> t ^*3 dsx-dJi 

. Ool»sjl 01 OjP 

IdSOj . yM ^S'jLdujl Lyj j3 d^L-t-S J-ii-3 l (_£ 1 ddJLj C iJl^Aj 

Ijdu Idoj ^»Ap ^9 i— >-^Jl Ot • 1-A>- L^v2-3 C dLs^l ^IP^I t O^S” dl J-Jl 

- J» £ ft £ ft 

< ->JU>- djUdJU I Aj>- 0 ^JjJ 1 oO_A jljJL* 01 l ^ ■>*. I .) (J ^_>- Ojl^dll ^^5jVl ^j-P 

ft # > * " ft 

doSUJl o^i . pull of gravity d-J>j^l <L_ot>JS o ji ^ j <, LIS' U ^ jVl 

LU t L$ IP 1 A^*j ^ I 0-<2j2j 01 L!jL>- jJ J t I ^rJa<»*o 0 J-t^o bili d^jVl 

a jjl]\ 0^3 C doL>cJl c ijjULdL J . ^LjljjL llL*J>cJ ^l)l o jJLlI L^jI . LgLl 

01 aL^j '-Z t Lfr'-p la^>*j L>- l 5^1 *■ l ■>•»* ^ jl Olj^^ ^j-p d^>-LJl 

iai- JO- t L^O a- J->- ^ aJ i f-\_^>-\ V ^1 V I t Ij j^-Lj li— i U j^o 

.^S/l I»^laiv. ^ .JUS Jilj J; 

^jA jjLi 4_*^_>sjJl ^*1 I Axj ^jai jS'jiL-Jjl J^ij t^yjliJl ^bJl 2J>o Lo_J La I 

oUUxJl ^ “L^J ^aJI ol ^LLd! Ji OoJL Ajl^iwlij OjUj t jy^ ‘CjLa?- 
^ja jL>oj > yi jla^lL ioLj j~/> (_5-Ul ^U^-!l {j* t ^»_L»oJ Lj|j) ^-iSL ol^UcJl 

l Aj LjJLaLLa j~aa VaJ^S- ^jCj jl^j N iXAi la o ol>xJl l)L t Ajill>i_a ^jl j^a 

l^Juj p_?xjJl oL>cJl Ols Iwl^Aj . (a Js> jj>JLa a jj.y3, i Oij^Jl o jJ>t^lJl ol>Lil LoJO 

JlaJ . Ijbl ji'jdijl A*3 ^j la-a Ij ji AJO .X*j oUOj3j lo !i| t Jj*_aJl 

^a l^oli jl ^jA j*. i$o ^vi-jsl t jA*sjJl oUl>Jl 1 aJUaII ol ^ 1 *jJI OjIS 

. Ajloj ^ I jS jpA jl5 la-a AOaJl 0 i^>t<jl ^ jJl ^JaJl 

(.Parallax ^lai«Jl o^\is»-Ij ojj ^S’jL oj jI 0 ^ (_ 5 -lll ^J'ill ^_^-Jl >-J ®^*jj 

• A.— j—i I L .a l ^ , - I t 0 — X^L— aj L.i—— j A*j^jiJl . I3 ■ a ; I 3 ^*^Sn .> 1 ^ 

^jjloJVl ^£LJI < JSj {jA ^ J^tjl ^iil-a 0*^Li-N oLLJ (J jl al j >- 1 j»j Jxlj 
Oj t«61 Cygni» "1^ Jj y^jl ^ r j>«Jl ^LLp t \AlA ^»Ip ^ t Jjjl j 
jJ ?ol*tj'yi ^ ^jj^LJl jlixJl yi-tf 1 LIS’ ^y>j j^a |>lp Jyjj! ^i5l 

I ^>0 0 ^^JatLaJl j-Jtdl 0 I 3 ( Aj_j1^Ju 1-aLia UjLXpI ( Lolxp^/I Aj>-^jjJI La-X>eJLwal 


Y * 



f-LoJufiJl I OjJlS (_5 j3 4^Uj 0^” JLflJ j ! 4«jiJl * j ^ ^\A 

oL>sJl j5jLua*jjI j j-s^L^ 0 wU>ej ^0 oj. c_^>t^p ^ jSj\j^ij\ f L J ^ 

l <LjL^> jjD ^ j>~ ^JljP 4»>- l^j {jl jJjJI j\j ^3 j^Ul ^-Jj . 4*3 jj Jj5 Lo» 

. L^jLaj ^Lp ij^laiJl d-olS* lil 4 (JLo-aV1 j\ 4^ ^>x-wjL t ^LwJt ^LSxpVI l^^Jj 

t)U> 4 k— sLLl^JI <0L^-j LgJ j_-3 j L^-X^s jiLJl |^Jo LoJ-LP 4jL£0VI 4-LLLj 01 *0 ^J-*J 

. ^jjLil >Lv2 ^3 kj^JwSi Jj 0 jSO LaJj>- j> 3 <u jjb 

^JUlj t^-ww^l>Ji 0 jJL)l t ^5 LLaJJ »^jj>- L* Iu_aj 

>~ ~ "c . , % t. ' 

tOjUL L^^wJLlj 4 L^P .iS 4^j>ejJl 4Ja-P-*>La 01 JjL>- 

^Sj Lju* c-iL>Jl ii j5*r£j 4 ,<gll ^1 p ioliil ^»L^>-Nl jiJl 01 . j^jJI 

4_*_>tjjLzJl 01 ji-PjJ . I ^ .mo 4 > (J j->- 4— 4-L> ^iJi ^a AJoljJ! p j_?xJ( <U jj 

t^JL^Vl *C-U j^o ^-j li>- 4jj.>s_-^Jl 4j3li Jw3 UL^jLji 01 J-Lo 4 L*j ^JL> 4_*u2_^Lp 

t<Lu ^JcJl 4 -jN j-Jl ^ tJ-Lta JL*_j 01 4_^-Lp 0^" p— J ^JU-i ^ tjL^ 

4jN jJI c I j*S ^b I j-^->-l V ^jl^w w J 4 L&j^l*-) 0! 4 ^-Op t j-^-*J> ^iJlj 4 ol jL >- jS 

I j*jJu 01 y Ojt Oj 0 A*j I JP-L>“ 0| J-> 4 a J l>-j dJi j . 

((L^^3 oLpU^ ji aA^>\ L^jLjLp! {y* l^! 4-Ul^Jl C^->o 

. y*3 JS\ C-«^>xj 

lLOu L^l L> 03 dJL?^ uJLJ^ 

4 iijllJI ^s>jVl 5 0 O-O 1 SI Jul! j . jJl& ^jLwJI 0 j-iJi J j-L^ 0 j-^-0' 

A^JjUJl 0 wLkA*J! 4j1^o 4 ^IflAA? ^Jl 0j 


t ^ iLa.>J i tw3^*j Laj 4 *0 u ^ls» jj_j jJL 1 k»lAjj 0^ ^ >il 4 kjJJ^ ( ^ ) 

Vl f’LoJp Ju ^S- t[i * ’. 0 r^;] j Jiij ^ oJj>«-«-o AjI ^ 

^ji J^ji \^jL^a‘)\ JU . ^a JS UJl Jyj ^ 

^•■>ISJ! ^ Jj-Jjj Nl i4o _,^>^— j ^ J-^J ^ 1 Jj-ii ji : is jl jJt Jlij .#jlis jt 

^ j_p«- — j villi ^ji l _^j^ ,# ^ o jiiu Jlij . nJ^JU if*** ^ r~j j-o-iilj £>o ^>»Jl 

L^S'^us! ^3 oL*jl>Jl ^1 t ol>«-»LJl j ^^ -Jl aaj a^jI jA Jl ~U 

J j£S\ jl ^1* k— jIxS” U ^eJu-Lp- ^ . 0 - U (jU«-4 k j ^ 9( ^ mJ . j 3 ^5 ^ yA ^Jaj^ • U^La L»J j**i 

^^J|)) J-*J 4 W „ Vo t Y J? 4 0 J^-vJ 4 ( ^ ^) ^jjJl i_i ^>0) j!j 4 jZ - + JJ ® jT ^_aji 

. 4Jb k--»b^Jl _>Yo^ (. (( ^c ^ Jt obx.^^o.lli) j iYU _ Y *A 4 -Jl j 

Ji J-p Ja -iU njlj^-JI jA 4_»J kiJLLaJI j 4 ^m)I\ I jl^i j J.LU 1 I i ^-J-AU 4 4 ^j^jJ\ wLiJj 



*Lj‘I ^ t (J y>-\ VjA tUJ ! j L a Jji tlsH 1 jA < -J L )'^ 

Jj ^ bil: V J^l 5L JjJJL ( ^ o iT _ uvr) J^Uj . LwjJL^ 

^ ^-w*» J-oJl 4jtl^ Jwi^ . I V? J I ^j-vw ^ -J^ J^->* JJ^Aj Lg-J j v l LAj Jj> S-a 

«* * e- . > "* 

%«15 LL^ j jjkpl (jJJl y*> j tDe Revolutionibus Orbium Celestium jl y_>u 

j, P * 

l LXjL (J^>- ^ Lg-iS” OjL^-wJi Oijj3 4— L-5\J 

" ** sit- "s' 

. jJl -bdLfc^Jl J^/P L$_>L ^Lp 'A-dlpi Cb *>- ^SlJlP 


ui 


c ^>» j* L j ■^ J 4-oj^pjj -LLL 3 c ( ^ *\ & Y — ^ Q *\ £ ) ^-LJLp 

j-JlJLp JULaj V ^X->- ^ . 4^ L ~h>*-j j^JLpI p-IjI o^JbJ J^Jl (Jfryy? 

<Jj 1 al> ^LilpNl ^1 p i j-^w> 4 _~u1j Ojl y ^ Jis idSsJj l4J^J ^P ^j-Lp! Julii t 4 jL_>- 
. *dj ^-> -Laj l 4-wvuiiJ ^\JLi l s\ *.x»-p iJ_$ 4_jL> . 4^ ^>cJLoJ I dr^” 

. «%j jjJJ i^jSfl t l^Jj» j~>^ j l Eppur si muove 

> ^ |»iijji itu 

t— 3 j-U J . V — -> ( /^o ( 3 j J-*J t LjP*j^-s^ jA lj J^JLlI ol L JjK Uj 

Lj^jj . t— . dJ-> ^ j\a«)j t j-JJLpj 

£ t ** s * * *■ 

i > I -La i_ L L j t Ll>Xo latitude G) ^ i 

* * > * * s a ' * * ^ 

L-Lw» l 'jQj>~ ^Li . ^-pL^— *> ^3^.^ t L^l 5* 4— vPj'bl! o ^ (3 ^-JlJ I 

k 2 ^*<Lo-oJi Ja^Ji IJlA O U ; l g A > (J^>“ Lwi’jVl o jS^i I cIaIj L«JtLx3 tS^loJl oJ^J 

iaJJl C — >zJ ( *_aJ ( _ r *j ^^v-0-.tJl (I) JXJJI ^ji c5j-jj . A ../3 j g Jl A_AL>tj| 

t j-aj J_*_1J . i-J j-o 'j^£- j_J-^>-j I4-'j 1 ^f 3 j-iJl (J-iVl C^»tJ *_2J I4J ^$1 t ^La-oJI 

' " , s s'.' 

L - y*--- I 1 f ^ Q.»« J I , 1 li3 ~> tj I O^i t ( ^ j ^ , SLJ i f ^ U^J i y 

^ } jj. ' ^ " * 

Lg-j! (^1 t Ja-?xJl Ij_a (jj_j ^Jij oli ^5^ J-SLjJl ^3 Lil . l^_3 j^xi ^3 j-LJ 

(J LL LoL^j 4^.^ 3 ^ ^lijj! 0^3 . ^j3*^/l ^ ^3 


l^JUj ol dx-jl aaJ_j t Lo—^1 1 1-La p-Ufctj tol^)_j-^Jl j ^5J! 

^>wJl t uj j^>»JIjj C a J_4k_**>l -Lilj o . ^0 js^y^j v^LIj ^j- 9 <J jJ 

3Uai !^Lu ji> 'l* j ^ip Astrology kAZ Ulj =Astro -) Astronomy 

tjLtii {jA J t O^SCJl ^3 4 oi b Sj> 

(J- • J • 1* jl <jl j Jj J; 0 ^ !>? ‘ >4441 (*44 A,:.,» ... j JyU Q^Ui^'yi 



P Horizon 




. 4_pL*Jl ^JjULp £A jj Aj j2S>- oli C j-jJl JJ-> «-3l l j-? U jJsLj jJ I ^ , 1 JiCjJl 

jU t (» ') 131 . AXrxj j l (3-3 j-Aj t 3 j-^Jl ^3^1 iaAxJi (i) ^3 ^ ^Jj 

As 33^1 (^) cLLta ^\a ^J-JJj A*j^ 0-3 j c o^-iL-a 3-^'^l -la3~ L? ^-i-> ^^ o -..«. t Ji 

. 3^VI -la3- O y i) j£j Oj>u fc ^Vo ^i5"lj 3 _/ >tJ 


Ja3- a 3 ^-w<o3 1 i Jj j -^ 1 1 < 0 b Lo-o 4JL j l j^JU 3 I 3 -^i J • L? ^r A ^ s -' *■ } 

3i J^' a? 

y* '»-3ij o->jLo> I^jI y\ ! j 3 L^wwijj J y>- jJ-aJ 31 3^1 J-3ouJU 

l c3 1 t 1 *—3 Lj^ t t ^Lv wO^»s O C-} 1 jySr* ^ 

. (j ^jJl y L_~3j J ^ ^*Jl 3 ^ ^3 jOJ ^3 

N \jJ I t 3"V 1 *^1 ^ l *^ ? ^ ij?3»Jl ! 3 - , -*- , 13 13jLp iibj& 3 , 33 j 

oj-£> ya oJjiLaJi ^y Lo_3 l l ^ ,^> d,j (Jy>- dflJ oL>^>l ot La«>“ Lo33w 

o..~»j y~* 3 *x-o ^- j y OwoJt>- 4 _' y>*~> 31 3 -^^ 3-3" ^ 4 J_* 3 x_L<>J 1 ! 

t A_*»j Oa p-J l-ij>-l^ L>-lOi3a A_J| i A * >s,3., ) 31 t 3_S3 o.^J clJj^ 31 ^ ^ <3-1 3-^—1 1 j 



I^La . Jf ^ ll ^»a j .-b-i Lflj o^jLI? ^3 ^-) ^3L—»a L*^* JlaI . 

^->*j ip j~» ti — -> yill ^>0 L&UJ t I hp C-J jjl>tj ^J 

tU jlk* y 1 y^ ^ip < .1 » 1 S i.)L3 t *}ljLa ^.LlijJ t > j*/3 3 (1)1 L-k DJl^ Ai 

* " t- - „ 

^3 C--XS" y — *-~j (1)1 d^l a^>-L>- d)^3 ^y* ^ij^>xJl iS" j >■ oL>sjL dij iLj 

ip y—a /j-4 -L> J_j (\y*>~ L <jlj oL>cj^ L ^1 Jj>tJ| ^Lp J-y^ <1)1 lLL-SL^j J -43 ii ^j_a ibi-P 

t ^j-~S"L*_oJl oI^tJVI ^3 jl Ojjji ai t^iLI c il jjJJ Lj ( y^>yiiil3 c /^SUj . (-LLS j 
oUoL j^a^u (JI^-> ^ JJJw^>- (1) ^-ScL-a i^iijlj L 4_^sLS" ip JJ *+ j (jJL*J j I ) Laj (. Ju-lL»0 

(j! JJLs t ^iSo L&~> L*_> ^*i IjJlp Ojj-p La 1^1 lILlSDj . ^Ij^>tJ 1 iS" j^>- 

. 1>L*3 C illzS y>- oL>*jI 

*)! J-> 4jLiJl o ^jlUl^ c 1 y*t-lll j»ly«jLi 1 C ... a i (J^j>- < al ^yiJl .yaj^ ‘ 1 1 . T . .1 

1 y>- y* a £y*>l j .. la . i (jl 4jllil ciL jj\}& cjLSlLt cl) l-S” II llj t ^JlJl ^ g ai c iyAJj L ^jlil 

sL^jM ^ jjJJ y^jl (_^ dlLS” U1 jj_lj dllj l (_}^lJl yjl ( >yj| \ya ^yajj/l 

- ' " ~ - > i ' ' 

L^ S ' is^~ 1 °'^* o jjUaJt it- 4-lp 1) (jl i • S TJ~ J , JT-S” J ■ ( _ r -£lj'-<Jl 

?^ld! I la 

JzL-j>*-e jL LJjjy > cj t j-l5l ^Jt^tjl jl . «•! jJL^xj/l iai>- Jjj-® ^ - .J aj OJl dll jZ3 1 

- i , ,. z t * , ^ t 

(Jj_p- s — il j/l (jl . L_j j-~° _jll t * • • • £-1 j i A jJLwnj/l jad>- i ^d>jji’l 

ii frl jJL^l'l iai- ^y-P <Colj La A_lajij (1) l_3 iASLaj C ja J_J J^S" ^3 oJj>-Ij O^j-a L^j y>x-A 
L^J ^-Lo ip^*» J^Uj dlj3 L)^ ..l?.^.^j (, ->L-%d>c_>j . ipL^j T t ^3 ^LsS £ * * * * 

A H ^ 

( 1)1 c 3 j^-S\j^SsJLS' ^ supersonic o> j > *, /? , ! 1 ^^3 S^jUaJ .ipLwJi ^3 I jJuS" \ W ^V 

L)l . iibLJl j-^UJl 0 ^jLL> jl c V • V 0 (j-^Jj t Jl>JI IJla 

\ IaSLa^ c ^JwUj2j 4»pL-*JI ^3 ykj£ *\ * • * La L^> Lpj^a^u .,/? > <ujL>cjJ! hi 1 ^pUaJl 

XaS' L l ^ aaa £ > dy>- jjL>w j I ^&L/? j ( 1)1 iliJl yy\s>jS\ 0 ^jllaJ ^%5Lo-i 

. f-\ jZa^')1\ Jai>- (^ ji L^ji 


t ! >-L ) y LL> O JjLJI -Li! . -L*j^ I ^3 jyO->- ^ j-”^} jz t/7 i j ^ u^J 

jL^Jl I-Laj . JJ'^Loj-i! L yj^J\ c-3 jJaJl (J ji ^a Lg-‘ ^-a IjL-^a t jjuJ ^a 

. j-pl5iw>ij <l)~uL j-^ 2 -^ iyt L^i ® y-jLlaJi Jl?-L> 

Jai^ OjjUl ya>- jl «N Lgjl L jAi tJj“l_iy- (_» ji SjJiLlaJl cjy UwUl t IJl5C*j 
N j j/l Ja~>5>: (jli c \ , 2 JUl ^y L»5j t lla Jai- ^yj • ^ y 1 



Jl!l hj>- ajL la aL a] if- ol (_$l t -L .2 a JOS' Y * * * * jJl_^>- Mj A-Wd 

" * ^ ' if. 

jy AjIoLi 5 jjQaJ Lo ^-£3 C A-pL^Ji ^_9 t yLo AO * jy (J^ (_$-** 

. o jjlpxlj jl a—* J<Jl jjj L? J-Jl 

j_ 4 j cjj*i/l jJlS" j-f s-L— 01 dJi LgJ. 2:-<i I c> - jT jJI SjUaJL) La lUj 

• ‘r*. Of ^ a: </*-* o' <j J*»- ^oJI L-^Jl 


5 jj^II xit 

o J jj c j»j<j . A-a-Uaa ^Iw J *3 jJ~j> ^-a-jJl J Y JSOJl JS e J&UaJl aj y/zi\ Lj y 
t la-*-> (_gj Jl l&f-^-j’ JSO ^JJl la l y£S j . jlo .j-a-Ol Jgj oj j.aJI J A-a-ldl a j-^Jl 
la calva[ jit’ Lg-JjOj ... a...4, 'I OJuaJ JlS Ja 9(_Jjjjll j Jul Lg-l? lla— Jl toilxjl 
C— >- l Ifrllj O jJlsOI ojjL Aj i dJJjJ a JL?-lj Ul>- N I i_S ^ j*_j J ?L^J j->- 

S' o j_4>lii j t LgJ j_>- ^JLia a jaOI ^j-Sj J ala— -Jl J— S ^8 j- ^j,.. & .tJl j j-So 

•* > ^ ^ 

J£->- y j . total solar eclipse ^KJl 

o JjfcLJL>3 iJj jjJ-o ^y Oj>5sj y! aJUJ! oJu& ^yj t p L_^>to>cj (^wUl 


a o * Ajp j-*~j t wiLj yjj'yi ^ y ~* j wiCii t°v y t J! c^ii" isi 

jU t p! jjLyA/V \ Jt2j>- i j ji t jju j-£Ul ji LjJU ^9 o>o5^ iol L«l j t y^>-j i 4 _pL~J! ^3 I 

^1 4 ‘ipL-Jl ^9 l j ^ a 1 _^-^* ^ "l V (_^l 4 <ip »* iLL 4 — 4*_v2> ij 4 1 cJ'^Ai>- 1 Lljji 

CJlLo ^w-yyj . ‘LLtJu>Jl y>-l3 4 <Lpl—Jl ^3 4 ly^a^L^ 1 * A-P j-^-i OjL^«w 4_Pj^-*< jJJL> 0 jA 

lita y» . y> Lo ji a~3 jiyjbi 'y ia-^j i *■ ^ ‘ cJ-^j t Ajjiyi 4_p j-~-Ji 

4 (ji yL>-j ^ *^° ol--;i j ! <cLj| aJl^ i^ljJAj ^*_JLj 'V CJj| 

«Lool>- y i J&j>\ ^yllj . jlS - jjfc <-jlS ki-L'Lj J)a>x-i j! Vj 4 dilJb yCxJ (ji ^yp 4 AioLo-bj 

^LyJ ^_y_3 ‘Lyjol?” 0 yiJ *Ly-»5^1y«-^JI S^-i] I (j! *>-&£ J 4 d^J li ^ 4 lj> L^.“ ) 1 L^J C.1 JUak) 4— A.,!T 

t oLau^-a ^ I ijri 13' A*'' 0^-5 ■ '+** '-lr*d OJ L* _/ jl Jl Vf — a » J y~ J’j'Jl jljj- 2 jr^ 

yi Ojiy 4 j^j ii *—ojL>- ©y tyj'yi “_y)i ^w>t-s<aJi »_iL*_yrf?j llll^pasj 

Uy^ jJP ^yj'yi ^cia...^ -L«-) ^1 4 yaxjl ^\XLa ^jA LJLLj k^JLloj 4^1^31 (jj! yJl yi-li ^3 i Jo>- (j-93 

pj is Ojj JA 4-jL-J>- 4 J Li 4 ^jA 3LJL J-A JjljJL ^-4> *>\j 4 ja-^./3-llj LjO>-L>- v — - y~5»- Ojjj-^i! 
yJl iLJj j-iai- OJyj O^-jyLJ L[j 4 y^Lo 4 jl-y-aj ^r* - ^ M 4 JL ^-P 

^-»<wLy>l A_OjL>- (jV wJJo 4 4->ti2_y^ i_S^' -Aj ^COj)-3xlS' J*«O0l ^3 J-® L* J} jg J*xj 

L^_*Jj pLo-wyJlj^ (jtj-y-^J 4 ji J_La jl 4 jOJj aJL£ tyiJJo yL?- Jl9 ^~y > .' > ^~ 

J Oljj-i aJ Jl |*Jj IjJj -jaw jyJj J*jN Ij olja — jl jjla <J ^JJI^ 1 [V : ^1] 

. a . p .lall aJJI L^Jwa ^ jl^ Jil] ^Ija-jaJ ejJLai aiUJl 


(^) 




1 • Jai- ^ij . jj-Jaill 

j_A ia_»j>wo jli t 4_=>- 

j£jji ^ . *•! J ai>- ^3 Ifrk^a 

.OA T /\ =CB oli 



.(NASA i jj>) ‘U-lla^ *L>-^ A3 

Y*l 




LgJ I «i<^? 1 1 bi C , S* . 0^^ «/? 1 1 o-XA f ^3 LaI^j t ^0 1 4 _ ^w % wo J I maJ I 


()••••>• » 
I <UA-AJ>- o 


L.» « ll ^3 (■ Ojj^-yaJl oJlA uLISjLJjIj l (Jl^-—Jl l*XA J^Lp ^-^>"1 <1)1 (_J^J 

jJ-J bLj . e-LSjj *Lo— a> ^3 (_5 j^Aj t £*1-^ C j-> LxL*->«j (J^-LSl 

y?j$ c!^ 3 " ci^ f’tj^^xJl 4>t^JL) Ja^g I J3 j t wUp t LgJb £Lo— Jl 

YJb ^JU t 0^-LIL t *— * ^ jJjl -axp t Lw*r»i^o 4jb ^vw<>-^Jl 

f*lijj iUUl ^ ^ 

.scattering jituxlL <J>j£ *y£& \'y y Jlj^Jl IJla j^Lp Jj^>Ji 

Jl?J I 4 J Jj>o ol CjLjJl ^jA 4JI+32 >* ^^J-P * I 4-*Jj| la.<L.«.-> La JJ_P 

ds^ dr? j-^ jjS’ J^? dr? or *- 1 j' ‘ J^' lfvai<J d)l L»l t _^js : drto^' 

l^Jli ia-v j »■ j-dsJl iat-il «j LaJcjo IjlSL*j . ^yij'yi j->*-s^Jl dr“ -oJaj 

S^J • ii>Sll jJj oJu>-l ^Jl jLiJl oU-J- Ad>-I La^XXP L$^>- Lo^->- ^j./3 Z-^-J 

. A^-J^Vl oL>ol JlJ ^1 A3 L/M t^>-l ^jI ^3 ll y^X-J 

^ *> ” 

Jw^-aXj £ j-vaJl 01 c, i_L>L^j c y*-± La j-Aj t dispersion c J LtjJL ^j'b/l I -La i^iy*uj 

LaJj^P L (_£ jS>- 1 <JL>- ^3 jJ^I I —La (_ £j-> ^SboJl 4_j|jJl 

jsS* * j */2 ll 4_*_^l ^-o-> La^AjoPj . OjV ^Jaul) ^yr^rj jj^^a cJ^L^- y* ^ *wo-^Jl 

t 1 J If) -XXP ^_jl i-lLi^ tL^_AL>ejl yo 4^-b'yi (l)b 

> 

ol^Jl Sy>^i ^JJI scattering ls^ J * Uj>- j jlxp tiLii Jub ^ p 

j l LiJU oJL»Jlp>tj y+jLA oUuL pjj jJLXxJl Ula Ob t^jfljl Lo«i— 5” * ^ */s ll 4 -*-JjI 

aJ i-j-v^Jl olS’ ^Ul -LL-^]I ^^Jlp iJJUi jui^oj t refraction 4 JUJI d-La 

4*/3 ++/3 > 0 l Ol .A-^—t^l 0 ^ 1 (^bj’jJO <U-Jb ^Ul ia jJl j^Lpj t(^lj-^Jl) ^jl 

. Ol ^1 4*—* a l 5^1 - 7 ^ 4»L^-I-aJI 4*— a'yi (_Jl <,/? a >1 { y Jl ^y> o ^^^1 

* *■ * > 

. wavelength ^>-j-oOl 4 J ^^-a ^ g -L l 4^-aL-al 0 ^-LJI 4jl+& ^-{j 

t L^-Ls" 4 jLL-JI 4-«^Jl Ol^J'i/l y* t cILLlo-j f’jf^aJ I Ol dy-> 01 Ij_S\aj 

JjJaJl J-A Lo . y ( 3 *^ ^1 LLLijLw <1a Ojj t J ^ 1 ^ 3 ^ si 

m f w 0 ^ £ p 

^^Ji-P ONl 0^ L ^J- *J3 A 1 1 I , *L a ^y Las*-^ AjLytS Jl oj-A ^]| j^jL; c_3 j-oJ J^il 

. L^JlP c-3 ^«Jo 01 La ( 3 ^^ t 0 jJJl AAv? 


Y V 




J 0 4 ol P- J — ^3 CaLJ jjl ‘/3 AjI ! ^ ,V 


* I *. 

• yr^rj jy*y 


^jxl — 3 A w^Ji ^ J) '*^2 0 ^-^-J ( ^ ■* 1 1 4 ^L. 1 _,«.. >t ; .^. ) 1 J^M 1 

ip 1 . u-?J • 1 j^^'j ‘j-^^'j ‘JjjMlj ‘(^r^'j 

jljJ^I a1«j ^aIj • j-* 1 jJ*> jU c ijljJ^I o-Lfc 

I -L* L-^Sio-ij . L»jL— ^>- I oijJ'iM f-Uj>«_)l oL^-ji is ij^-*~iJ ■ ij-^ 1 j-Ul ird *^ - ® 1 

j jdu j-a-!l ^-P ojUl ^»-4-dJl f-y^P 4*JA pj j>- ^ g n ) jl j-? <__jL— 51 JI 

• (IM^-Jl ix— 4 ^j- 0 ix^>- is^ 

ol j. )a S dbAd ( j-? ( _ r -o-dJl i y~p j-*-t La-d_P c 4_*^-JaJl t 4jli dj-b>e_>j 

^Ji iiL^'Lj (.rainbow pji ^ jJJ Sj g A a Si ^JaJuJl dUi LS b-*j L* j-*j <• jia-o-Sl 

t jb 4 0 j.laS iw»-jli«Jl isUJl ^y> Ul?-b l^JU (. f- jy?ll AjcJiN jL^j! OjJL>- 

OjJ il)l “tLJb- (jJ^jIaJI jl . \ ,A ( J^LlJl l«-Sj 

IjL^jsj . s- y*p oL>ul £-« l-gjl.5 ^J— aJl 4^>-ji dlldoJ oL><ul | j-o Id-pl Jj-Ju >— 

C-—»L^ • oL^tJ^I |j-fc (_£ j- 3 ^3 Lpj^JLo C l^li^l jJ L^-jLs 

«« ** 

C 4_iij L><-4 (Jbib L*l ^sl ^ b^ls t <jcLsJ>x-4 LajL**^jI ^%JL» 

. ^jUJ! > I J\ y^P~')l\j tjj-lajl ^yj! t I J\ L^»S l y>t^jC~S\ i) J-bt O J^J 

tij«dj' i y! oJoss 'Cjj J . pZ'jA t LJLdli 4_v»lSC*->l p-ij (■ j .,h !l iwl pA IjsJk^p \*j>~ 

ijl jJ*AJ i_J jJjLo j-JJ 1 (Jj^i yf LjU 7~ip i_y ij\a.i p» Ljj>- j y>- -IXp 

Jj>- ^yS (_J jLjJl jj-P TtJiljjl ll)l . (^ijji (■[pfcj'y I -j) 


AjD 


y 


Mi 


YA 




O^ _jJl l_^>fcl) 5 jia3 J^-Aj L«AJjP . ^ jA JS^iJl 

Ol^JVl oL*-sil jU> tAj&LJL<kJ! J^Jl . <jLJlIj>t-^ oUL^JL Lg_Aa ^jJhJj ta^JajiJl A-*jV1 

. ^y>»-^jiiJlj (ijjVl J>-1 aJ1 j t aJIz^o jjjjl-i cj^*^ 

‘Ui Jl jjJJl o^1*j j ciib^. jl^l Jl <ul .M 4 ^p*va~>Al 9- y~0 . 'gJlP 

olj-laa p j .,/g II JJ ( j-o Lo J_w>-jJ| (3 j-iJlj . P^y-i ( J-sl OjJJIj 4 ^iS'l 

t 4^;li]l SJUjI J 4 P J../3.11 ol>*Ji! J 3~*-A jl J-* jj-*Jl /JA 3? LgJjiju j-^Al 

N wXj 4 ^ jj 4 (j-a _A^ pli-ta Jla 4 ^jJSj i LAA 

j~~^ 4(_Jjjj , | _ J-Al - iljlp i y* l _f A J 4 0 jZ-*-> jljJ'b/l 4 lLU^ 

T \ 



L . oii jiiJL Vj 6 0 ^ 01 ^ftl >w; V Ulo C — 51 >p 

.!>w ^Vl jl/VI ^ ^IkJI y> jjj\l 

(. JJ ^»J| 4j JJ i^r U* - ■»■*> ^ ^JL> ol LJ t LjlLjLwo VLJLs LO*Jo! Lo 

^^>3 y Uj>sJlU c Lo y*^ <- *1 ^o->*-il l)I I ^1 Jj>«JLwfc»l l*wj t £l y*->~ *• jLs ^JlLI 4.+/3.J& >&voJl 

OjLij jl {jA JlS'Ul ^JJj^2 Jl ^jA jli O^LS” ^oJl ^AjLwJ <La*>LwM ^Jj^-I Jb\>* A 

0>LwS" ^o-U /j^Lo-j i oO*j O^ijLwv^ Lg-Xjjj ^^o~> jJaj>xJl 

o j-UI ^a y±s>-')l I ij jJJl oN j . ^.Ai jiJl jl ^LSajNL *w^a»Lw<J! jl jJLil J»ioJ jl <Lp ^~ woJl 
C ^-JcoJl C5^ *• • ^-Ls^ VI 4 aL>cjI ^3 X*-i ^ I 4iL~wO.il 4 jU I jjLxLi Vl 

Lg->V C. 4 JwSLo-0 oL%mm 4 .i-A-jl ^Lp g ■»*> V 1 (Jf A iSjJ J-^l <-A S jJI OjL*il Oj-^J 


. ^*JL o.Aj»-Nl ^-w<>-*lJl 0 ^oj>- *■ y > " S ^\ Jlj^Jl ^1 p *w^~>sj ol oVI Ll^oj US' 

(j£ ^>Jl c_$VL*Jl ^0 y*S\ ^Ap ^ Ia£^v? tl)li C JjiVl Lo j£ ^vwO~iJl j j^Sj LoJlIP- 

Oii ilij . ciiJ^ tO^JU P* 4^wA.wS' ^ J5wJl (3 LJLp f'Ls^- y} LL-** 

iaJ>- L_> c oJLa jl jv-j • LoJl 4-ajji^ ^3 Oj-Ssj La jtS\ ^wo~lJl ^ j-^ 

0 jUl 0|i 4L>- jJl oSjb • LL~p| ^j-*/7-) tjl ^-J<-oJl ^-s^j ^[1 ^r.L..*-Jl j~£* 

jOwoJl La ^ j ^wo^sLJI t aXS" jL~-oJI LJL^aj c ^o->-'^[l jA_^ tl 

. 0 ^oJ>sJL 


c VI 1— > ji t ^L*~i ^ > m j I ^ 3 *\ 

U jl5 jJ LL« >>«Jl ^ jLiJl ^ 

uLs tJ-SLoJl 4 (L..« i. >a>) ^IjJI (3 >i 

p-j^JI) CD jL~w»J! J j-Ll jjk AB jLwwoJl 

.(iaili La 



r* 



. (_3*>\_L?^n j^_Lp jL-^- jjl £ j-s^ aj>-I V lL^j>- t I^jLx- 4 Lis j-a jS/l ( ^ySS 

t ^ jJ /^Jj • ^-wiL^wfl jL~-«p ^Lp L^j>o j-_~u *— 3 ^-w> 4jl ^jj t Pjfr.ya.il 1 jjk ^J jjJJwPj 

y_ Ll . . . p 1 «, <a < o ^,^“1 p , 5 **’*^ «JLa 0 ^.^Sj J L A_3^j„<j I ^ 1 _7^ ^ —CJwsa* - 


jjJ jJ-3 IJlSL^j . ojy *~ sj ,_j-^-*-dl * j~y^ A*jp ia.g.^o jl ^Svoj p^Jj j^* 3 *dLj& ^j~wJ AjV 

jj^ ^^>3 fc— S j— • j A_)li I LsLo-i jUJi JU- Ja _*^j j^-P L)l p j-viJ 

. ^ ^3 ^ L*Sj l (jji 

p j-y? (jjl jl ^-yaljJl ^j_p jli IJ-SLaj c j-^-*->* ^j-J^lat-p LlLsLJj 

C l .^2 ■* S • j L^^-j j . o ijl ^*^p kXj ^ LwP A.Aj j. la . ) l.K.i ■»/? > ^^» w O— »*»«L J 

Jj t ! ^aj Vl ^cJa »*> j^J-P j-A v_d jj^Jl j ?l jJ AJuivaj jJ Lp OJj>o jl (, {jJzj'i I 

iiUJl j^ip /J^2->tJ j^J>- t(j£j->dl Lg-OLp (3 ^ jd ^aj^l L)i *j-<dl j^l-P <»— 

Lap- LJIp- LuLl^p jjSo jl La t *>LjO ; iillA t JL>cj JLs Ld <L~s>- . La>LjLy3j j^\ 

IjUJl 

f* Lp cJailil -Is c J-SwJl ^3 j^la j ^^1 oj j-s^Jl jL c jS/l t t^-isiS”! jl 
space ^jUjOJI iJU^JJl IS 1 Cr^ ilA* lt* 

) s * fr ^ <■ ' 

i^l S^JI oJu jl .^jjpJI ^jVl cJjlp (3>® LJLp t shuttle Endeavour 

^ JaJ J jl ^j-p J^Lv^laJI *wjL 5 j-<Jl (_£>iJl >X^p \ jJl L^jJ :>! t ijlj^o 4^/3 

J-s^pI ^JJ Jj N AjI I^j-vwo-jJl 2jS>-j ^p ^^5^" i<>~L!i<>Jl pL>-*-J| ^3 cOl j\ j»jj>tl!l 

^1 AjIj_aLLp I J-o jl J--3 jrf ^ia-^ j^Jl ^jJ-j-<JI 

. ^j-w^«-*(Jl ^jAJa ( ><< )^^ L^J l~^S~ | 

( 3 j$ aJ oj— <>-> ^-<Co ^dJl space telescope v^L5 j-^Jil ^ j~*~\ 

. ip^liJl bJj^Lip p jr^ 2 *"^ c5^ t cilta i^3Lp j^Jo o jjJ j 

j^JI «Lu ^xJI jIsQaJI 

o ^jUa jl ^j-p LJ Aj c *— > jr5 (_5^J ^j-^o^lJl Aj j j ^-p ^SLcw 

< — --AUj jl Ld-P (, — *s >- idJidl pLo-wvJI SS ^3 £-^ 2J jJ ^s>-j . AjLa, 

t i-JliJl Lj^jL*^ (J-^-l ji 1 1 J_^*j i ^aJu o j-w Jj . j_jjj>eJl \ (3 ji L« 


n 



S JlLp l p-Lo-^vJ ' UJ (1)1 . j *»Jl)l ^Ja^a ^Lp Ja^tj 

^Jlp IjwA ^-o-flJi (_$ y Cf 3 ^ t libwA ^jA J-aL1j 01 Ujj-A-a>» ^3 0 JlA 

oj Lg_ii • •—JUS ^J-P <— " J ' 1 lx« ia *-i \ , \ * J-SLjLJl ^3 Lfc I j-i ajj ./3 )i oj 

T _ yj\ AjL*J J^%C Lg lajtlll *X5^ t ) s .A > ^Lp t^4Jl JJUU L<i_S* I 

^ ^S\ Lgj! S/I f4Ll C^UI Ji^J LgjLLi ^^Jl ^jS/l JSLi j-Ujj .Apollo II 
jli IJL! j c ^^ aJI jias i_ilw?l aa.'jI ^IIja- £^~*t L)V aIjo j-5"l ( _ f 4, j • jl j 

jV l 4 Jw 4 ^>g— jl lg_il L»-S" . ol^a £_ijIj j-«-aJ| (jA J*S I t Ajl.i J_*-Jl ^^J-P t jJLJ ^yjjjVl 

. Lj^- u*^ tiiLoj 'y ^<>aJi 

i 4 JI t p-LAaII (J^-*^ L>-j.sja L1a~>ca Ijji jaJI i s^A-iJl v -*Juj 

- " - ^ 

AjI j»j t t ^A>j'yi j3»u Ag^tXU A-J j5^ clalpLa-i! Ajl t £ Jj 1 ^lp ^_A“ t ’jLx^jj t Njl 

jl C C-ajIj frj)->4? U ^ (_^l (JLO- C 0 ^_^J| a5* j 4>- C Utf 


.Llii 


t ^ I 4^3 v— ■ , «A^tJ 4 jL 3 jJb- 



b<Oj c pbo-O! ^3 <oJUaJl p-Pj ^ »“}Uajb> v 8 A/3~«i pLc»-^ 0^3 dU*U As^S^S j 

*>b*3 a*~Jia ^yA <L>-I jj ^ylll j^jsJI *\j>-\ (1) La I jSb&j . \ , "l ^ 

i ye- ipLJl * ^JSOJl U.Ij ! OJliO c-La—j cu>tj Lo_j l_j t L^-J lp e-jO ^jij 

" > f f ^ # ' 

4_Jlp lU-5^ y>e_> W 5^! ^-*-31 ^ ^ ^**-33 £-3L> cS*^ t_3jiaJl 1*J-A 

o j-v^jj ^Ss^j 4jU i ju>- v-i-jcvflJl ^ j^-33 (wa-ww%uj . j'y I L^ li^j 

ja\ ^J dUi wLpxIj ^ojjJi ^»rj a^>i yip jy-P ^Lw 0^3 IJJ_2 to l)3 

■ b^-* 

IJla ^yoj'yi Jv ^ JL»J l^uij y>-T L^>- j .iILa o^j t U^^p t JU- 4j\ yL^- y-£Oj 

pJ ^c_la^ yLp ^-^ 5 LiL> o JZ3 ^yl 3 t ^J^jl 4 _^J>- S y -L 3 iJL* t j-*-fl- 3 l ya ^-oJi 

! f-Lo-JI ^y v^ ^>- kZ ^ ij > X aL ^ t j ^»a )1 la^ j^Ip 4 j-f ^a *il^ *i[ y 

. (_5 y»l Sy> c l«LoJ UllgJA I J.^u£> IgJ dUl*j yJlj ^ io j-*Jl 0 ^AliaJl oJlA ^3 1 ^ J^J J^jj 

V ^Ja ■.*> yLp ^ ^j_>«jJI <L)I ^Aj toJ->y (£ j-^ 0 j^lia .ISLaj 

i j«/3 11 Lo-^ 3 MJl3 l)3 U Aj V ^AljJaJl oJ-A jJ-flj • Sf 

.u^ 


A>- ojLlplj ^^yaJI 

^JJI ^ ^ ^A Aj^Ljlp'yi aJL^-%aj! t oAj^XjP ^A> Ua- a 

t ^j-SsJ J toljjl ^ t Pj*,/2 ]| |j»A il)l t ^JalU 

Laj ^Ot jJ'yt ^Lv2-4 ^2J>«-aIJ Aj2-Ll>i-<J| OijJ'yi 1^ £ ^.yg-ll t A «& ) o! 

«• ^ 

•■ 3 ^ ^ ^ p ^ 3 

a^jjl t (j j-flj ^j- 5 **-* ^ ^4*2*“'yi p j ^ j 1 c5^ 4 -s^2-w2l^j i ^a u t 

> p ^ x « f. 

J ^l?l t^i^-'yi ^.ygj ^jJl ja wavelength £f: y*& JjlaJl jL tiliJl 

P-j) a /3 )l O^ ^Li 2 -^fl_>tJ i-LA 4 j >■ (J ^- 3 ^ 4 - 0 * 1 ^ ^_L*_ 1 j^ . Ojj'y^ P- j) */2 1 1 ^3 ^_A 

^ \ \ o| ^ .la^./3,llj o JL^2-dj ^a 

. ^yS frUjl ^.L,.,<l JyM olwO>tJ IjwOj JJ^P ol Jj (_jJlJlS' l*?-3 J-»J 1^3 >- JA “ASCji bj 

^ylp i3 j>tZj ^yAj ol ^ j^Ji i>oUl cI^L>“^onZ 3S frL^Jl ^ r . la ,*.*) v —-b)|j 

^lyjlpl JyJl iijj>Cj ^la^jl (jl bo jj pLJI ^Ja*A bi»3A!i o . »^jb>- ja J^b»i 

t Jyipl JyJl t aJsL-j C Laj! frU»Jl ob*_~~3^ b^j»_< i] y>dj <Uj jia->J t 

. ^jUJI J! 15>^ Jju ji^ OS -/Sj 


rr 





h jl t ^Jl clfw>! y* ^ . . . tC tB i A iUJI l5 ^ ^ ^ JiLiJ! 

^LLajlj aJUiJI j^Jl ^ distribution curve biJjU- jlp U 1 <^i 

^j*“la a) 1 J~j IsL-^Jl jU t AjI ju C-O j y*C*A ^jaZ~a ^JSw ^lp 

AjI l_5^ C ^JlpVI ^Jl 0>lS^>*lJl 3 -Lp 0^3 llSj . 4j>- (J^laili jjAJ Aj_}1p 4j>-1 j| 

," * 6 " M * 

4j“Al)l JliLiMI o i» jl .frequency of the wave o- j-JI sj^-j JS tiki 

> ^ „ -- 

. Jy>- ^«*Ji J jiaJl i-d./n jiJLiw A^- pJUCj i, AlolS ojj^ t—. 


> > > > * 6 ' + • 
j^P A>- li LoJu-Pj . A-s^ 55^ Lf; ■^ -~ 4v?-yai— oJi-Aj 

t>? J^J • i^i Uc^ ^ IfrJU tU .k~*j 

.cycle ((SjjJill)) _j jypJJ t CJ15 AkiJ SJl ^ t _ JjL- 1 _ jyLc-l ^\ t J^iJl Iju* 

^Jlp-I ^Jl oLS' jj>J! dJla t sJL>-l ^Jl A-jliJl j t Ai_aj 5i?-j C->-^li-Ls 

ojjb ^jJLo 1 ^ - 3 ti>1 j-^Jl 3-kP jl . 03kj>tA AiajJj ^3 t _ Jui^l _ 

„ > ^ > 

. 4j>- j^JI ii JLi i oJb>-ljj| A-Jlal j^jS 

t ^jjXj ti'L^Laisj'j/1 j cjLpLijj'yi tiJJL 0! a U^. ... . I l 2Sjs>~ ^tail .,<?•>- 


r* 



L> d)j . \ } \ \ ^ L>-Sj 1 4 -jjLw^lxj oj ^w2j t c^-9j ^1 

-L>L i-> ^-s^ 3 ^-<*-Li ^>"^-di (Jj^lgJlj j-*-> t ^-w^ljj_>^jl j\ 4 ^JLpLLjI 

^'LJajI ljL>Jajtj ^ jJl c d— 9 ^Ji l$_> ^-^-^-1 j aJL jh}\j l o *Lfc <J jj^jJlj 3 ^-x.^?-li 

gw UJ I^jUL^ Lj^Lpj j Lp*eJi3 d)£ . IjL w oJI l<-L& \ y \ \ ^z-+^ yj j . aS as>- 

. iS" ^pxloJl ^-ij j>z}\j IpLIajI L«la xj i>- jJ ^^Ip ^ tt. 

Jjjj y pi ,/3 C ll ^-_P ^j-s<2-il A>- -l) L oJ-LP NjJjj L J_»W? ^LJl 4-liJ^ Loj 

** ' £ t- \ , 

^^LpJ ■ ^>- jLLJ lSjJ j-v^ LSdolSw* l la .*»j d)l t Jjj-L (JU3 j JJ^o c £L*Jl*Jl -ULpI 

c JjL- jIj ^^IpI *LJl olS^>J OjJj>- oLvoJI oL>- l)L tJL-oJl 

, ~ **’>** 

<L^lgUaL»Jl C3>L>- ^-o-ll l *\ ^_^Jl ^3 Li ^jS' LJlli a^j j-s^Jl ^-^1 <1)1 Lo-S 

p ^ y3-ll j-aULL> L»JLp cLU^ Lo3 . L A^JL^sJ 1 <oUl ^9 J^ 

^-*jVL o ^^-^l ^o j-wP ^-*p y >x ~* J *^5* * j) ^ ,/g ^ 1 l)1j ? f-L^2-aJi 

. o*L I^La ^p <^lJlSsJJ oj o'^/jL>e-<Jl . aether 

t ^ A*\ 4 ^»Lp t ^Jjj^x-kS'Lo i]j*)\-S «^L>xujI ^-^->r a/s ll <~~>\ ^L>“ J-5Jj 

/ 5 , ^ „ t „ 

4_^_jI_» ^^._SU i cH->1_j I ^J a-^/a^_l ^ l_-flJL>l O*. ^>w»J A^j oJl l)\ ^-9 ^^2_^c_LjL) 

> _ 

4 > »— % w * J ^ j ^ ^Jl 4_>-^^Jl l^j| c f-Ls^2_flJl j-y^' ^T 1 j 

oJLj. ^ UJi iJUJl ojub j c-»ULl;jNIj .electromagnetic wave 

> - j-<Jl JjiaJlj . ^ ^ Y JwSwJl j ^ Is i Ui"j t jUjJtj olSUJi ^P oil jJa^yg^l oJla 

(. £ > > S J 

J)1 C A-^jLj j^-SsJl SJLlli ^j^jjj^ ^ t 4_1 ?L^j t p j.y?_U 

. pL/g<a!l ^ t 

LgJlS"^ i AJl \Z s>^jO A+Pj cJ \ jl ? I l^LXo ^| 4xlx>t^Jl (1 )^ ^ A*j jp^Jl d-^L>- ^<kJl 

Ll& A-_A»lji-^Jl oj . ^L<kJl t LjjLw*-* j^3jx}\ ^3 i-^lp 

c-iJl (^i) 0^-J-> 5-o-^S 4 -Jlp La j-^j t nanometer jJLajJLJI 

1 Y * L» j-^-p j-bj <* yS*)l\ JjJaJl Lj-LSi . p (jj-vLa 

^ ^ ^ f ^ £ P * 

V *\ * ^ ^ d)l Lwwu t (nm) I j^a ^jL V V * j 

. L» ^^-9 ul jJVI i*iJ iL >- ^ • \j~° jjL i o * j 

VV # _V^ 4 (^JujL Lg <x-w-JaJl J>>tJjI ? (j UajJ l 1 Jl*» pI jj ^j^o-SL ^JJl Lo j^SsJj 
AIL^ j3 t 4 l4-vA>«J| ^3 C 4-K., ^LJ 1 IwL* A^wJaJl wAjJ->nJ d)} Y djl ^La^LJl 



Wavelength 


Electric field 



Direction of motio 


Magnetic field 


1 A~*~daLL*_dlj <LoLi O jLI j la .,«o N ' o[ . 4~»~da L l*-« j a>- y* • ^ ^ ^ 

C ^>-^M 'Lp 4.0 ^_o_P 4-^-w«*-da i *CoL »^jLj! 0| ■ AjjI I 3 •>» ll 4-P 

. A>- ^-»Jl ^liJCCoi oL>xj| ^ip b^il yetS' 


^ j>~\ ^LSs-jM A-x^.^la3l ^3 OLs t4_£_JL>tJl . AJj-^LJI f-Ls^LP^/l (b>tI-«*3) ^OjLldj 

(jld C (J IjLo-l' j-d wJi L^-5jJu ^ L A.^^^L ?Ll_»_^ j j^^ \\ 1 

*1 J -**-> «-Jl OU^sJ i-3 -OS/L 0>J y^\ jjju J >Sfl 5*^JI ^ ^ ^1 ol> j_»Jl 

ijy ijuiS U s? >U j-^ai^l ^ ^ dll; C>J-j tinfrared 

t <jJc>c_«Jl 4_~~Jo L l*» j j^SCl ^ ^ T” Ixj^jj . ultraviolet a. * -.Jl 

L»Lp <L*~il t _?"* <J_0 _^-~Sl dllX-»-> t _yJl t 4 j^o!jJ| 

^d!n aJLajJI ^sSji-i ^ jAj LaJJwPj . *)J 1 '^»«»Jl J j^daJl lLLLl<>-> 

. ^o! jJl aIzpt-a LJj ^ jJjJ Aj^-OI ^J l £-j ^ a^I Ojd t jJl ^«I^j ^U>^J 


jl ^ ^ JuSLoJl { y~* jl lllSLo-j J jdaJlj 30 jjJl 4i*>bJl La 

33 jjJl i)\ . Jo^lj j-* (J j-b SiLvwoj t ojjjJl p-liil c ^JLil> ^>- j-oJl J^SLJlSI 

j-<Ji J^LdJl jli t IJlSLa j . aJU J 5 ^ oJL>*d ^\ oljjjJl ^Jlp LLo 

cj jla.ll ^3 jJlII > ^j-a L^-Jlp J *,/? >bJ iiL- t oOj>- 1 ^Jl 4 _^jLl 1I t ^*wLa_ij 

* ' > > > 

Nj C.».«,^.si o Jj>-i jJl aJLJI ^3 A-jj-sdJl A>- 1^3 j*vj ^L~Ji Oj 15 * LLJ j . /y>- ^oJl 

. F- j-viJl AP y* 1^1 ax-i ^ > - j-oJl J ^iaJl ^ ^ j-sd> J^b*- jli t L^Jli AP^- 

^jjl ^ ^jUil ^UojiJI j*& ^ j . H 4,p ^^,1 ol J-^j-s^La JlaJj 

| > " > . > ^ 

. Lj jii ioldl V * * * * * ‘WosJI oJia y? y* <J 


. j Jr aJ Uj [ ,.— ,ii 'Ai^- . Sj ^ _^i- (jl tdark matter i^U ^ j S^U !.\' jl Jj V ( \ ) 

.[r<\j ta :isuji] ibjj^j V Uj 



l oh jj 01 bJ ty^ 3 ^ is^~ J j-Wt \s*i'j£' La tali I-1$1 aj 

- O'-* ' ' * 

jj* ^jU 0 * * ya LL >- ja N <jb c JLloJI ^Lpj . La L) ^ ^lli oJ-pLil! 

0 - ^ ~ 

4j>- j_a 4 jI jl IJaj ■ L)^-La b y^ 6 ^ % * j^l y^ c}~^~ ‘■^L LL<>-> ( j + &.. '>- V 1 p j^ . ^ -U ) 

o a,/? ] 1 iyL ^SOl CjLI j\a*^y*)l\ jli ^UJi g-LyajJ! j^s* y±j j^a -> - 1 e- j ! 

Jb ^9 0^0 j^LLa j jJu° *\ * * j^LpVl j^J| oLJ_o L^J a^j>-L^uJI 

L^j li IJJ j t jJLa jjIj 0 * * a JlaXj 4_>- j-oJI j Li t 1 -La ^a 0 Jj>- 1 j 4j Jlj3 cJ*!)L^j) IL,li 

* ' ^ 

isL^a C 4 jJlO <j ^-Juo O jJ-a *"l * * J^U- (_^l t o~L>-ljJl I ^3 w 0-*-a JJL> A3 0 ^-Sv> »> — * y~*> 

. ( ^la j\*£ r •• * * * * = j ^-Jba jj|jLa *\ * * X ^la ^ jLj 0 * * £_Lj 

4jLj L^i>"blJ 4 aLl>c^J| ./3 H (Jl5w>l £_a 4 _LoL*j A^jLS^ t^yC^jVl jyii La blj 

OIa- j-<Jl J t ^-oJl *• J^2 Jl ^LlLI^L) t oU>- j-<Ji jj-f C-$ I cjl J-t Vl 

j . ( \ y \ V j )a > I ) *! ^o->Jl C-^>tj <Uc>iV I £jA A.A.Lyg.1 1 c Aj^jJsI jJ| 

L^jLi c (JjJaJl ^>a ^ jjv^l oLwLiJl oJla -si j~*-> O y£^\ •* *-sl 

^y3 t jl j-»Jl oJLft . 4J ji j! ^jj>»J( ^_S*)ljJI ^y3 IXjAJ ^A) jJ (1)1 

oj-A (jlj >Ll$sj! 1 j_A ^y3 La>-N ^ j . 4 jL^-3l j\ t J \ jl t d->ljjJL) 

. (1) 0 ^C, 1>^P U^XpL^J ( ^sl ^*Jl 

¥■*$ liu 

jl^l ^A t ILL- LjJl U ;^i! ^Jl ^>Jl JlSLi^l ^Jlp t ^JU 'J^\ 01 

JLLp ^yA>tXj 4 4_*_01 1)1 ^,V L)J j ^ Ja j j . (JLSwi'yi oj-A oLJ ^“-Xf-j 

JOOijj i Ula jl_»^5lj*yi 01 . (^-L?-jJl) (^1 j^Jl) la .<jj j-o L^J jA-i 

iiliS’ ibjJ bxxjj . jyip'ifl Jj-ju (jjJl f-j-QJl jyip ^>jl ^ Ju*j<_i tik^^LJl jylp 

^ f f, £ 

la «*>j “k® t j^aN I “UL^Aa^ ^yi C » j ! I jli jJ>tJ LX^Jxjl La-lb ja»«Jl 

4_*_0')/ 1 jli l_\bl_Aj . v a— d-Ls> r-j-XXo jL-bLil (jjjJjj- ^yJl t^S^yj Lo j-Aj . 

01 jLkJL t jL^5bVl Aj>-j 3 ^UJ t 1 J->“ AA-wiip A^>-jJb L^aL>sjI 

. **)LJ»9 4jyJ) JA ^3 y>Cj 

t *^)LJl 3 4_^3 iiLt5LJl j-i ^jA j—*-> ^Aj t ^J>Jl ^3 ^1 OijLlJ J-J-rJjJ j 
I jj j . o^Lj*- jIjia! ^yJl 1 Lybj 1 jjl.,^? 11 ^JL _j-®_? 1 ^ILJl 1 -Xa jl . ojI^xa! 

^jJl jJblxJl jl .twinkling star V“>buJI b-^xJl cOjliJI p^«jJl ^y> VjJ t Lj Luli 


rv 
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I Opaque CZHPartially transparent ED Transparent 


(JjJaJl C->l»Xa ^3 t ol> ^>Jl '. \ , \ Y* 

(J| t (_£wL<»Jl <-A+&V*.a ^3 £JLi L a\ jj l)I Lu^pS/ <_£ JJl t j-oJl £ J ..<? ll (ji 

1-Ia . la U- I L^Jw« j »/2A V 1 ^sl^j t ^Jl 1 aJ l la :.^ 1 ^iS^I 

. f-l^SLlJl ‘loLflil Ol>- jZi oJLgJ [ jP L J2l* I Uijl (Jj^J>J| 


oZgJ ^SCLsJl J-) ^pUJI ^3 .ilj>-^!l J lg 1„» 1 1 cii-ta L--^m-Ssj 

*• ^ - ' 


r 1 ^ 


V! 


^ p ^ ^ ^ i 

l) 1 ^3 t ^JflJL t o ^J! tjli t oJLa ^JLp 

v — -Li jA 1_£j ^lil o^oJl C5^ lll$i jA ^/7 jj C .a. 1 1 til c_3*}Udl (^3 ^-3 


TA 


N j . ^y > jVl p aJIlJ ^p c Hubble Space Telescope ^LaaJI JjIa 

L/qjI aJI J_i i l»«i> j ^ jaJI jLjJI ( j_p ^bLJl oN I_ aJ 1 o. 4 ) ». jL5 j_»JI Ua 

/ A > } x ,. 

A>*-a1 jj AnkL* aIoaoJI Oj^La-JI jJU i_ 5 j_kl5 t £^kJbj . bg-a-j-AJ j»JlPj bgOjl—A 

. 0 , \ £ JkoJl jlaJl) uJ “>lp .jj ISljA Ja-jj ^ a1— a- (. I ^ a ~ J 

(. k ^kl ^l-LaAOb . ^JbJl J jb Jl J-u 2 -A> j L 3 j-a- ^ I Oal jO-Jl f y l U1 ~Li JLS bk k^ 

adaptive <L-ai$oil oLj-aJL; U ^JaooJ ^ 1 j ^k~. t \ r U> Sa _^>- jkl 

t ol i ^Jbjuj t 4 j^j>tJI Ck> I L 4-jJLll! o jjb ^3 C j,Jo j .OptlCS 

i ' > g > 

i y~A*zJ J^JlP J j_aasJI y£~y Aa<^>t yadl okijA-^/l « Ja jik (Jt>ba- • l^JljJ-xj jv^ 

. ojji A 11 oL‘ ^jS j-k 

? j*Ji!l ^ja L$Jj ^lalll JiXP tibli jJLJ liUJ 

£ 

. ( \ , \ * JkkJl) j-«aJI t j-J ol y y/> yl 1 .La ^I^Jl t ( J_)jk i _Sbb Jl*j t ij-xj 

yA 3 -*- 3 j-Ou (1)1 loSk_> Uj| br'" > ‘ ‘ J-!l k ^klj “bl i-5^ 1 — (l)Nl ( jA«_> 

bjJOsI j-o ( ls^ f ' l—-*-®! b« HI jkllj • *— J l a .> .> t-oJl ASjj L A j-- A a - j i L y>j')l 1 ^ - . k . . « j»_5l— *— » 

Ui jju ui bbN t ( oji> ii jLj !- 1 aj . p-b»-Jl ^ bjjl5k yA y> l-^jll ‘ oIpLJ 

. ( ■> jxi l _) yA yA frbo— Jl yS- yy~i J^J (£ y 1)1 1 y * 3 jVl ^tk~. y* C lb* 

yA bl_JjO b^A- J kkeklls . i-Jj-*Jl OjAbkJl oJA I — -W. j, j Jl (1) 1 ^~~jjl yA y~~ Jj 

(J y>~ (_iJu Ajli ( ^ y k jb«A ^3 ^j>aJ 1 bijAuIj b^ku . yA 3 1 (JjA- ulalk ^J>- 
( 11 jA 1 Ja j . ^kjtAl boji l-^-? - ! y* “^b 0 Ajli Aa>- jJl lg~3 1 )j$u AAj jkjj c Lkl oj 

Lkbol bsA~ t t _jA’j'^l J-*l (jAxJ Up Aj ckb bj j-oaJI jj-o (_5 j-a-Vl A^axJl jl yS 

\ , \ 0 ^JkbJl Ib^jJ . AJA (_g jA-'ili AfaJI Ayl! AuLkiJl jjkJl (JLajI AkbviaJl A b A ll l 

> " ' J 0 

. ^-aJI ^ ^ I J ^p>- 4-JL/23 jJw^Lx ^ cJaiJl 0 j j-s^ 

4j^jLaa» 5 ^j|.i ^3 ^lil Vw^P^\Ji ii j-o-flJi «ii 

j j_$o cJ ^iwo-Jl 4^lji jU ipLJl ^_kjLLp iS' ^>- oL>xjLj jJl*j ^ jlS’ jJj . ^JwiJt 

(J jA- 0-5 jJl (Jl jk jJaj lw—pt)b]l jLi ( uiki y^ (Jj-v 2 AxJJ J . bfcbl.) Ajjbkl ^’jJl U-A^il 

L-i j^Ul 3 ijbSs-fcj . oJL>-l^ o^-a 0 ^jIjJI J jS>- jJ-iJl Jjkj 4-L^lS" 6jj^ t 

. Al^oj t oUJNL (J^Ji AjjLa* iljciil Jk>o 

lili C ASb oUj^L LIj j>3 4j 1 d^->- t f-^JLSl j-o-flJl 





j <. cl5L>t^Ji oJl^ cjLaljwill v — <. o j j ) 1 ^wLc-j j j 

4_^> *_?- _Hale JwwA l_j15^4 ^_4 L^Jlp bi-^>- c^_>*^J 5 jy^ ^ i£yj • ^ 

.Hubble Space Telescope (HST) JjU *LaiJl c-jIS^ l$ili ajj^aJI L^j t *^LLUl JSbiJl Ul ijL*l 


i • 



jJ j t oJLo»_Jl ! \ , \ o 

* * > • 

V _ 4-^jI.. ^? 6 ) 1 L^_ij y -*P 

£ < > 

> j -+Jl}\ ^aL . iy Jjl i\\o \ cLuna 3 

O ' 4 4 jI^ JLj 5-1 ^Jl 4 ^-^Jl Oj 0 -^n-P“x-I £ (J_J->- 

jjJj L®J«J j-*UiJl 

■ 


> «* # * * >p. 

llA filip) 4_<JLS*j . L*jli 4j|^ oUu’Vl ^ jJ k-i j-~*> Lg-iU 4 jj-A i*J jA ( 'J0J VI C-JLS* 

UiLi sJ-j^Jlj c ^y> *(_£ (2j-^ ^ lijl ^jJl>- jJ SI 1 “W£» 

.IOjI ^jVl jJ 


4 „.i,mfl ml 


ij 

<La jJalail tf i 4 juI j JAlxoa 


ol^j« £ j->o 1 j-ojsJI ^la ^L p lj j-^ J lit 1 ^sj^l 

* * * *■ ^ 

( L««o ^-Aj t (JliL« lO-A^ • ,^jP jV I 4-J| j la.lJ 1 JJwP 

^^0 <^-iLl IjLi ^ 1 j c Ia j^Li 1 4^o 1 1 ?*** ll oJLA ^3 4 aAjLp* 5^J1 JlA l ^ JLp 

9 ^ s' s' 0 f. t * S ' ^ B 

^3 ‘Ujjj ^^Jlp Lo j-*J L<Lo ojUI j_aLJL* j , L^JLS' ojUL^j ^S\ jS <lx_***j 

. \^«&1 £.as oi ^^ 5 ^ J , ^ J ^ jlallj 

^JLj ^cJJi ^sOjji J^UJI ik: pJUJi JU» 

cXuj! j . astronomy diliJl ^JU ^ cJL^oi sjuJ^p CijUaJ Ju.1 y> ^ ^ ^Lc . _* 
^vsyi oi Lfet jj U>5" j^jiJIj i/y&UaJl ^>l>tj- v y! 4^ijLL<kj ‘G^ rs <il> t _ii 

. Ujl— L»-^ jIi ^1-laiVl (jLkjy Ji9 LoJSj t <ulj pj>t>xJL U (jljJUj jmJ>}\j ( ^...^o...."Jl 

" f > * ' > j ^ X , 

L<J ZjSsJ J . ^23 oy i • % j £ I I jbt 3 01 


M 




Lo j^Jl JJw 5 *Uj J— d) I 3 t ^JL 5 d> IL« JL*-*I a ^:Jl cj U 

JlSCUI <l)li JlUS ^ ^ ^ii^lv2-<Jl jj3 hjX> ^1^-j • ia-wUL j^-Ul JJU, d)l ^UCj 

. ( 43 ^-Ul IJl^J 4^-*iJu^Jl 111 4 j| <i^>- 4 diU J^ip LjJLpL— j \ f ^ *\ 

^5 LjjJ j^-iui plujni Jus ^ ^isJt aslui a* u ^UJj 

i <li jBj #|B ^-LalJLoJl Jj jj-a ^j|.i j *— >■ j»— ^ jJl I j-A ^ (_£ jU . 4 j jwL j (_£ jJi 

^ ^ ^ * y 0 ^ i } 

J~Lo *->dl l) I ^Jl . 4.LP 1wLs_*_j ( k — ->) 4 — dJL) J ^ U j-i- 4 Lp CO “> fi-U d-s_w>- 

. K(— -J 4 -J-P ^jJ-o lUo j^JL^o ^*S1 ^1® 

^a ((|)) AaLILoJI {j^p' J^l-P d) Sj J^aj l <1) I JjU ^3 k^^-Ul Sjjkjj 

c oj j—Ul o-La JuwL>cj pS-ij . Jj&L- t -Ul 4—$U. S> J^Lp d) j^£du ^lil kJi-LL ^a ^*51 

5 , „ •* * * * 

d)l3 c ^ 5 \ *"1 ^J^dUl ^3 ^ jj l^-S'j . ^3 jS sJi -*->UJ UjLcUI aj^IjJIj <, 1*4 LU 

j^Lp (J j } «./? >cJ 1 . ®(— -XaL-*-UJ ^a L^o ®1® -XaLjlUJ ^*5H ^a 4->^ljJl °*La 

»» 

> . > > 
jU-3 4— w*J k — ->Lw^>»ij l ^-^->tJi Ij^J t L« Jj&LJlU t UjLLUI ajjIjJJ j-SJ ^uLS 

•■ „ ** ^ «> $ f * 

k^o ^A^Jl l -L a l)Ls 4 j 2 — ipxJi dr^ L«^-*-v-4>a t 4 Jo^J Jfl^- lj^^-<i-P 

> j , '*' 

. o ^-i-^5 AjjijJ! j LJJ-P jll^« 

> 5 , tff w 

1 • ■* (j^ <• _/^-Ulj UU»- ^3 4 lUaj>-3/ ^-Uj 

^jJ>rJ ^jJl LL)15s_>3 4 o-J-1 1 ^_P lJ-L*_} (1)1 kU^l . ^_oJLU ^jJt k-iU^ 

^Ul o-LpLUI ^°j t Ijl^Laj . ^o-Ul ^-p IJJljiU ^_j2_jw? i * * Lsisu 1 1 4—3 

Jujj j . ^allaJl ( j~o-lJl ^j>i>- ^ I »X?- 1 o ji (_J ^jtiUaJl ijLi 1 1 jj IjJUtf jj 

. (_$ aJI jl5 (_£jjl (r ^ilv2Jl JliiMl 3-A l*ij» jl5 

^a (jlS 4 (_£ yfeliaJ! 4^>»>eJ>- ^3 4 4-AjLj 4 j>-j-Xj 4 ^ > w »-JL i l Loj (J^^5 

^JS eclipse JjU ■ LL^o villi' U^>.J 01 toj^U Jt^^-I ^ c^iU 

> o k^^j L -^>j L U 1 o — \»a ^ 4 fr— — >LJ 


U Uji t[V : sa^_JI] (j— — (^JJl^ aJL>t. ...^ jJUJ! j_a Jj (\) 

. [ ^ t i o 

c aaJ^ <C£>s>xjl l j~>\ jij jr~t J 5 c (j^ (jA>- ^ J^ (jU (Y) 

f ' I V > ,' 

u-jUS^ l K(j ^ jLajj (jL^a J^ ^3 ^lioJA JA ‘Jiaj\ . JU>Ji j (J^>»Jlj k,.,jL/?t) ^Uaj J 

. ( Y A ^ ) t 4 ( Y ) is c Ojj-j *-® jl^ x (_£Jjc-JJ 4 jl ^iJi ^ j j£}\ 



Far view 



Crt XT*- 1 , xr^ ur* y, y aiaii y t yj JS j, — iLlilil ijjljJl jl : ) , ) 1 JSLiJl 

*-'0-1 j-Uj y-Ul yy UaJl p.. — > rjl y^>- AjjIjJI e j_A . SJLju <baJaj y]l 3 jju yjl . * Hr 

ll 1* J- 1 — j at— i "ill ol y y_Jl ys Ijjfcj i JaLiJl ajja y> yl y 

■ ^ ^ OJ yiy^ i K<— J ® J-feLt^a-U jA JyOi ^lalaJl (jU c p a ^J| yj . » jy 


4 .™JL Jyw 'i/ y>_ 4 Jlj t yOyS/lj <■ OU t ^ \ V y< bJ y$2-i Lo 5 J 

yij'yi 4_J JJ-Xj yiJl yyU^oJl yy L» ilL* J . AjIS yyX~~oJl ^ yi J«_jl l g ■ /•> . . yjj 

' 9 X J . if 1* / " •* 

0^ ly*J ^L' 3y^ Agjlj ^O.jO/1 Jy>- ^ij! aJ jjX yiJl y y~Jl J tLr ^bJi J y~ 
(_y^ OySO yjl oL^LuJl jl ^ yA |j_A j . CjL>-jS ^05- 

*“ %» p. „» 3 

■ vT- 4 -* 0 t LoL*j 1 j*> - 

y»-Jl 0 U.J1P £Cb (, Oy~5j! jl (. J*j m £S\ ols t \ , W JiOlJl yy U5j 
^U: Jalfcj JsUJl oIa Ji>-j . U^Jy^J ^U: y_U i,UJ ^Jlj 

.nodes *UiJI ijli j! t yj 3 l.uJ| 
lil S/I OAao V yJUlj t( ^iij! ^Jj| yy^l o jJl ^ 

y^j . 4-LykiLiJ I jly-tJl y a ^kiJl; ^LJl J yii JjJi j^yJl jOii t y-j ^Jjl 

j»->^ ygi ^-^1 y^AliaJl yjlll 015 yli ty y^V ! 4-j-Ul 

^yij 6 j 55 01 y 50 J 015 Jjji t yic- y llgy jO/l yJl SUi J\ 3 _*JJI 015 J\ 
015 y ! j ! ojjj yJl iyJ yJl 5 y^l yy wIaaJj Lijab^ 3 y 5 l 0 ^ — o— b Jl oli j ... t CI| 
5iUJl y aLU ilaUl A-U yUl y. cy>‘Vl jy-Ul y. 




A ^3 i -LLp c ^4j_j • (^jiJuJi i»Uij) f’iiUi J?Ia 

. B ^3 L«*iTj C ^4kJjJi__j 1 tl)^ <-£ j-~~- ' >- AlP- L*l . 


olSCaNL jli - U IS| i^JU j-* c5-iJ' ^*ij-* i>f ^jSlt (j^ }Ui X*J olS' jl 

jU^j (<— j)j (i) ^ , ^ a j^wJi j^Isjj ^ j^»- 5jjj 

A^a <jLi t J I Lxi/O j) La 1a ^3 Lg-LS* ojl^-wJl ■ •— 

^.- < > ~ ~ i j • L>J 1 A3 3 L*a<>J 1 o >_X >^j ( o -X_ 1 _ J 1 

< 5 ^Xj} (_J^ • Lp 1x5" ^J l_ 3 t Sjpv-S el d)l 


* ■ « la - " H ^Jl l-L*i eLjo^/l J LJL. L»-»l t -*Jl j ^3 t ^-^aJIj a_>L-Xj o| ( 

\ 0 * ) U^jJL*_» ^j£Sj C 6 ~jA ^ ^ * 4 * * _J J+J^\ ^J, 0 J* ^pwO-JLll .^yt? ji ll)l ^1 4 L '•S’ La_^_) -L*_> 

*ji JUL» AjI^ . l> ^JfcUs l Lo»^JLa yK*J>- L»Jh ( c^aII Y* A 0 j t JLa _^X»5” OjuJua 

5 . aJIpx— - j^Jla Jl 

££ 



Total eclipse 



Actual 




UJ* Jail Uli i^jSn 4. yi j\ ^ >5] >JJI jtS jJ (I) : \,\A J5LUI 

1)15^ 4 JI ( ^JLp . 4 lr4 aJj>^ «— i 

d)i Ajl5s^] ^ Oj£j ^jJj t (1^) ^3 U^j Jj*j 1 j\ L*j>o- 

■ t ' K *~ > ~ jl Ij^lj C_J ( j***^ * *l 1 0 ^* <*^)1 (1)^3 t aTS* 


j-^-aJI 4 ^0 l^J). jla^Jl JLLp 4 0 ^> Ii^JLp wtJLj^ 

o j^o <ijLi^Jl ijjl^Jl oLs I^lSnLaj . ^y?j)i\ i j-a ol jj ^JlH 

4 j ^.a J I ^L..^ llS" ^ JjIaj oJIS jJ lX^« ( Loj-ij ^ 1^14 ^jjIj) 

. J^lS” k— 5 IIjAJ v^ 3 jpl ‘ 1-3 4 j.o.aJ|j jy/3~ (1)1 J jwlij 

i f t ^ ^ ^ ^ /- x > '■'.*> 

(♦->*_>■ oV^ ! c- 3 y *~j>- a^j 0 j^-i I^wXJLp 4 ^JaJL 4 d^JL>t->^ 

4 (j£ AJi /j-* tol j-» £JjU 4 j-O-flJl ^ Jg .*>» ^1^-LjP- ^>a 4 (_£ ^Aliaji I ^J0J % )1\ 

4 ^ ^w»^-azJI »^-3 ^jA ^j*— *1 iji^Ls ci*^^ Oj>-^-> *»— 3 

C-jli y^S k ^>-Ls^ 2 _j ojIjN I 0 j-^J Lg-XSdj . iijJb\ l 2 *>\jS.aJ f j JJUwj 

?liLls L^jSl J* LkJl 



4 1 9 - j ./? 1 CijZix-> 4 ■— 4 P-Lo-Jl (1)1 ^A J S^Al» (jl Jj j/ 

4 c— 3^-*^*-S* *•— <*^i-Lj>“ JLlP L^o I . A-OL«^«-P^fi aIj^M ^ y3 4 ^aL-JI 1 

-' » ^ “ " * £ * 
l J~J Jl |» js*j ^Jaj <L~-^~ <• Ug-i/o ! jufcj . IjL?- l^s>-j a yiel *L*_-Jl ^jtJH A^JJaJl jli 

•* * * o ' 

idp e-J j-^-> Ja^Px^Ji COrOIlB. ^J-AS^fl j Lo^ t ojl ^>«Jl A^>- la 
^»l A3 jJua OolSl ^1 j 4 pLo_^JI oli 4 ^o-dll ^t la »x ^JLp l*°l . L>sA j^a 

^A i ^ yLp 1 >A ^ <1..^. J 1j j la « a 4 i » 0 Ls iU^\A^ . ^—1 

e-9 j^~S JLjSs>-lj ? ^*JjJl ^tJa^ o J,,fr* to 1 — 5 y»~& 

^JLp c-3 j-^S .ilLlA (jj_£o LaJJwP (j^l 4 j/L> ^-aulJl ^jJa ig **->*-J> L^UJwP 

'*^j '•'j°3jh~^ Ip? 4 ^" ^ ift j~& ^ • o^j^' 

. ^jbu Lb- UjP Uj~5 ^1 liy ^ UJls 

— ojJl o! l _ ? i Ia>- 0_jJs> jia>«_»J ^^SnJjsJI d)Ls t ^SLa j*-Jjj Ja^-'y LwSj t 

^1 ^3 ^Ldij/I I Ja JJL* j/j . Uj j-dj aJ(^ 4 »U~)1 4(1)1jJlu j.^-dllj 

J o A_d_j j . LfJ oljLJI IajLo^I 'Vj 4^ ojL^dJl ^51 j-5d5! 

• oj j,./a j 4 1 o^L^ m J 1 ^1 J<111 

„, T> 

View from Io ^ ® 

(jl 4 dU^ (J^l (j-f ^ Ii^pLp . oU L° d) j I Oj-dj 

.Jupiter ^ j^Ji Jl 4 jlllll (^5 ^5151 dUS ^ O j£> 

, I l^^xJ o^da3 ^j-o il^ 4 A^ w><> ^o > ^s d | Aa ^ la . ■» r< > .l I ^ ^3 4_^S"^S" ^-*^1 (,_£ » , ^^ , * | ^"1 1 Jl 

- ^ ^ — ** "" ~ f ~ + * 1 > 

^ 0 • _| <>L»a 4l_/ AI^-L-w 4 jU tjl^vAj i ( jJ>j'?l\ j}as ^-Lc- 

* m t- f * s . > 

• ihr^j' Y irt L° urH ++>*>- ^ t;> 

4 ( £ j JL ^>-oJJ A-J-P-ljJl jLo-3*j!l Jj >- 1 jA Io Kjl® j^Jiilj . U_j1J I j-aS ^ ^ cS 

'~ L *~l i m ^^‘ l5 (J js>- jjJb 4 U jAi» A-oj>sA- (j^^j (jl ^L^jj 

Oji aJI U jiaj jJ (j_^j (jl (_5^id-<Jl d^*^ ^ ^^jVl L« AiL^Jl 

r ' " 

l j~&ji}\ ^y3 L^J^ ^isUJl <— **jJL .ii ^ ioU ol LoJ^-* (j^?l 

^Jaj jl Uj^w^ pS ^j-S^-Jj • *jT® t3 jj f*~ij^ ^ e5 jJUj (-J _^UlS 

jX J jNl jlj t Lii*-^> -X>-L ( _^<=>j'^l ^iaJ ,j^ 3^1 (_$ yUL«J! 


n 



r t X i * ^ ^ 1 1 L^i ^ l * w< ^ <^LL~ ^ JI . ■ 2 1-* — /■’ _ r oJtl! 

! ( j^> jVl ^ <tJl U jS I 1 1< jT# ^ aJI ^libJ! 

0-* ° j-^ 3 cr^-’V ^ j-^j 1 i_S J*V 0 JJ— ^ ^ ^ (^s- 8 lSj-'J 

. <L> ^aJ I jj>- 1 4-Jj L jJ L*^s jlLLll ^SsJl 1 <xa ^_>xj>“ 4-«l>tv^ 

thought S-j-laJUI ij^>tiJL £UJij*Jl oj_pju La j_* dJJi jli tjL>Jl jL^kjj 
oL t L^jj-L>- SI c j oj L^pxJ t experiment 

Rjl® l 5 ^Jj j)a'+.\\j . *}L*3 LajIjJ>-I ^ ^-JwAAJI <• JjL>tjJl ^a j*t - SsJl 

4-wLp Jaj>cj tl) 1 ! Lo liL-yg a 0} ^1 ^ c^jL>«jlII **iLL ^a ~l>-Ij 

o\ La L_LL<kj N ol LJJS . 5 j oJj& ^ ^?%jj LJL>-j 

t Ll>ISs-«! j i -j ^-LJ^ ^ ^Ja_^ ^JLp L^ < ^-L| L ^-Lj ^aJ ^ a_J»p 

c^La ^jA Ijlj^o ^ ^j>xjJ U Ls<^ j ^Lll LI t o ^">LSL5l L^L>- 

. <jj&JJl < ->jL>e^jl 


Ubj 


0wLa ^tlIs *a ^-Lp Lw-p j_p jaj LjJj jlSj Lalj . £»™J! < oL>^-*Jl j^Jjl j-> l-L^-^j 

.Aj ^ 4jI ^1_p ■ J-&I Lt* ^ JJ^ L J»aJl3 t ^^3 I 



L f ~ ia_A > Jl 6J '■ L ^ 

> * c (5 ^-UJJ c Voyager II Y _ dJU^Jl 

4 J ^_jLJI 4j J j ^ ‘W^ 

. (L-U L^i ® 


LgJ Li c Ujilj t L^ jc- jjJ t^ijiaJl cJj^ jL iljJJ jl U 

^ylll i>_^jUtjJ| jl . l^.,i aitsAj-j p-^>o Ux>- oij-L>t>i 

j^^j t illjjft Lq*p 4jlpli»- o>L>t*j Ijojl ^x5 c ^ v ~ 'ims V 1 ^J»^ ? j 3 -fl t-Xjft ^y^ Ia 

l j3 ( J_ n £>L>*J| ^A-illJl £-*j 4 jj-Jj-jLxJlj JL>-ljJl o jl ^jS Vd3 • In* * m J Lj i • ^ ‘ y— -A3 

. 4jaJ»L>«Jl ol ^Jilll sJl* Jjj^Jlj JjJ^J! ooaj o j—o 4 j yj.a.11 ^yi jL~jVl 

«j| 4j*»-.>^j 4 lip ljL>- I^L**j ^ 4_*~>-l-pVl aIaj ^yll ^Jt n A I u 4 JL>cJ < * j-~^ 

4-jl j^iJI ^VyLp -Ul*J (jl I^-JLp jli 4 (jJJ.i ^y> V-bj . I )'ji ^jf- I 4 -JI jl (j—J 

jL«jI jyJ-^ (_$ yr^ 4^jIjl>-VI (jUj jl ^_pjj • <u^J_iJl oLjJLJI oJL..*-.Jl 

jyJ| jLSVIl (j'-*- 1 jlj t L^LoJap’ j jJLij jl V[ V Ul VI 4 ILp 

' , 



(r) 


2CaJU*Jl 


(, jj^Gl ^_^>-lpl Jjl (^1 uJjVl ,_yS t ui^jaj Jla] 

^ ^ ^ ** 

C ■>/? aJI «jJ-ta AjL^-i ^3 LJj l^Sj . l P jS^j lljj^ij Ljl^ C AjI ^3 Aj Lp C-A3i 

J-lj>-l t I J Vl aJL <1)^3 

> " f * > t. 

J-oJ>o <UjLn£A 3 AJ} (lr^° ^ A^aJL ^ - aIjjS A_1j>“ j ^3 l^j jL j ^3 j^sJLi 3 J>*-A j^-jZj l)I 

*• ' " “ / 


Jjl Lg_i ^li aAj-j <Jji JL?-liL t ^j_^5j^Jt l^a iljJJ 


oJU!> 




;t jl5J 


^ . A.*****-* o_ - 




^r->' 


(fc^ON ^ 

^»Ip ^ j j-^j X* i^j-Uj! jL v t j- 3 aJUoaII 

-41 -•' u ^ j4t , U " >J *'V' 

CJI£ JJLIj t,Jj>Jl ‘Ut.^laP oJ_ii OL_j^U o^ . * ./? II o j-kj>«Ji lijUu 

^tJa^. ( ^yl_C- i jllil ^yj o^-o Jj'i/j i O -li L« i 4~>*Jjlj 

" (. 

• i y > ->'^' t 

t ^ . o - a) 1 ^Jl c ^ii-L Apollo II (Y) iUj C-3 j* JL^I JJiJj 

A3Lw-<Ji oAa j! ^ojiJt a-pLai 

. a^SsJjiJI oliL-wdJ a j^p'^Ka yiS”i ^ j jl o>l jlXJL 

i j +/d Si j-y^ iJ . J- j*,<j 11 oljLi^l JLaXj^[ A-n-JaJl ^3 o ji jl>s aJsjLsa# j o} 

j-Xaj ol cLlSJ^j . oJl>-! j]\ ioliJl ^3 ji<S T • * * * * *■ >> y^ > 


/ S f f 

<UjIj 4iL~o jU i_i$La> j . (J jJJ o j-iL^aJl £ j yg ll 4 J lie- La 
. SJ^>-I jJl a-JIUI t- j-aJI Lfriia ji iiL— j! ^ one light second ix>\ j LJ y^> 

LLp J-x-o <jli t ^j^LJLaJ! I j_& ^ jZj * V * * * % * c LjIj j-i c oJla J 

. AJliJl ^JJ <Uj 4-j L ^j>3 | y>*-> 

4 ( — >tiS* i^\ ^3 j! L La c L jL«> L)L~wa LlaLa LoJlI 01^ IjJIa j 

. iJUjI C5^ oj»Aj 

Lo—.—Ajj-j® ^jj-k-La J_a i 1 J.... ^— , r .. ! l -A-X-J ^Jl >— ’j-SI jl 

^ Jj . io ai_- £ j ^1 jj- lie- JiiJ j_& j ( ' ) Proxima Centauri 

lj_A ^ll (J ^]J 4jl.,^ail Aj j^oJ! LllS 

asL-^oJI ^-LuiJ A-ft-l— VV d~3 Ji _^l AlSJa jL Ja^-*}LJj i aJL«~<JI jJ j 
^ xJl jlL ^y> AjIJa*- JS 1 1 jL^is a_£” j>i <jl ^j > yjcXs . ^jj aJL J t- j.j ll Lg-xlajij ^il! 

J ' " « ** ft 

O-LL ( 3 *■ — ^ OJJj ^Auzj k_3 j_** t j^jii\ ^Ji LjjO-I 

jt-! y* 01 ^£|jj £^jl ^ * J ^ " L^-aJajL) jJl Ail cJl ^ J a^J LuLi all <i" ^Jl 

cLLjLi ^_3j-0Jj . aJL^oJI o J-A Jj>o 01 ^j-Sbo-A < — ^-ajLjJI j ^U-wvjJl ^3 4j jL 11 

lil ^ cjiJl 4 j L »i^>» • ^°wU/ 2 jlj ^s> 4^01 ^ ’1 j->tJl 

' > £ 5 ^ ^ w ** ^ p t 
. yj U» (J 0 *“ jlll LJlS^al y j* . /a .) ^ 0 ^*“ li-4 ljl>- jJ^j ^yj2J>\ 4jij 

iii-flJl jv-L^ OLi t iILla ^Jj J « /? > jl 13 jLSCo[ ^^3 u~^ (^ p-^jj 

^ yj k— jjiJj . U-p L y aIpj^oJI ioj^Jl < w ^>-Lp v j /1 Oi-L Juij j o JjbLO^j bJ 

^-> t ^ jJ>cJL ^-^J>-3^0lj 4 j 13^-<01 ( ^JiJl f-Oi — *j ( 0 ^^ C ^J.*A2j3-11 1 JlA ^3 c 4ji]alJ>- o ^ 1 ^ i ^LaJL» 
Ij_>^>t3j 01 ^ c i^< 0 jJl jv^jL) j-bOj j » g ^ 1 oJ-pL^w<>-> t jJ ^L5 ^ 

jt-§J Ci*L$o J-3 ^^iJl 5 J J A, <g l l j-g-y k-_3j-0Jj . ^jj>xjJJ 4_> jL) J^jlJl 4 -x x x.la.1 1 

. LOUJl 

La^La-jI ^3 C ^J_>*jjl OJJ-> A-^lj3 bjiboJ ^^Jl JSL- ^Jl ^-A La ySiij 


yJu ^liil y ^y\ JjVlj ta Centauri ^JJ jil ^ cJU*- 1>J ^ j^» jl (^) 

i j-*-iJ • 6^ jrr*^L ^-*-dJj oiL**. C— i L^J-50 j t a lJj ^aJ 1 aj^JI 

US’ t Jl J y" J ‘ R igil Kentaurus jki J^- j Uuj a Centauri 

cr -. ^ . Ll?j U***y ‘jVo.^ 4jJ ((parallax)) ^iiiJl ^h>-\ J aJI 


0 •• 



lS-W W-*! 


^ c di-Lj ^L>*j | — * j-'-' ? Lg-a-gAi j 


OLuiiVlj 

j 4 j V I ^jb>- ( J*A LolS LjL/ 2-3 <-bJ>» 4 — J I ^JlJi ^jjL^JI J-brjLU 

extraterrestrials (= ETs ) ^/Vl ^jL>- j-* jy ^ib^Jl j i^jJJa:.* j-U^» 

/^JLp p. g b Jb-j lj-bj>*-> jl jjj-LLj ^..g XbJj <• ^-*XSb JLL Jl <^ >TLj U° I j j_laj >bl jv-* 

p- ^ 3 4 LLp J-lbl J-* 5 ba I jl OjJ^jj lLIL Ij-L*_4_j jl J-C" 3 p— f-J ^j. I ^JaL ^i 

pj t |t-^jL> j c_Lbj t j jj-^b c-jbSj t ^jxJl ib^j <ujbb ^j-p ijij-so j! OjSjjj 
j^l. p-*-X>-l Jlj-L j ^ v-^j Ls c LLJ I o-La p-A ib-b 

4-^-3^ I ^ I > L° b I 4__3 L— UJ^-J 4 _J ^ I 

0> " ** - > 

*-. *■ f . 8 ^■'5 * 

• J ■* * ^ ^ (_s® <_j-iJ j 1 W — ‘ 

4_>s-^ljJl 4jL ^JaJl il)^ L^i-P ^j2j>tj ^ ?^jLfl_>tJl ^_3LjLlS"V **)/ j-A (_£*Ul Ljj 

Aj J j} l Ui ( j^l f-l-iljNL) t^J^jjl ^1 jjLil t fcijjj (J^-*^ 

. I Ju>- <L 4JL> jJ? 4 .} jJ-P LjLoj j I <L*-^u £-L) 4 jLj>- p“ ! 1 *X] j-> ^JbL 

c cblL^Jl Ll^j t c^-3^p ai j ^5j jjJ ^jl>- LJ j/ 1 oli o-La j| 

> > ^ >x> tf 

olijLb-Nl *w3 Lb UJ J . j-JlJl ^j-vJ-pJI ^jA 1 adi J->-l J j jp ^ jj«-4 b Jb 

^iJl o^ j-(L<y-Jl <JL>tJl o-La jl_3 C ^ g ■* M A ) I ^ ^pJL>tJl ^1 ^-il J-^il 

■» 0 > y 
. LoLoj LL/2A j^bL jb L^j y~*j J— ^ai 

^5 ( j^>bo £jb*“ olijibtxJi O-X^j ^lloJl J^Lo-^Jl J-™Jl jU t {jArJl 

o^-^-b 4 _Lj j_U^Jl o-La -_-jLa^ jl . c>Ls<a A-jJ I j pL-/2_Ll^o^/ I J^-Lp ^L^jlpVI 

. «U2Jjl>c_^J I ^l^ -, '^l jr^ ^Lo f-'y ^_a i— 3 ^ a*i j~^ L^jlbL^ >— 3 L« i «. iL .w*^o 1 ^ 

oI^xxjj jljJl ^jL>tjj tLAjL^i3j LoUJl Jl J.L u j^S illxA j ^bL ^ jL J j 

^ ^ s t ^ ^ s t 

C— >ali Lo IS^j . I^>- p-L^j t LoLiu j_*JLU jLL-jj Jl j-bL j i c ^-JJJ jl jJlj t 

jl L^_»lbL| ^3 jjbj ^ L 4 vJlbj jj-p oLa jLcJl oLS ^L>«-<JI o-La 

• ^-AjL*pI p-Xi) ^>a ^ ^ JlJl ^Jj>J| j JwO J 

Jli>a| o j-y^ Lp Jl j/ LjLo Lo— a^j Tj ^ ^J-b-jJl Lj^J 4 cfJJ^ (j^" JL-^bj 

, > f, * f 

4 LJi p-^jJl jLj ^ j Jji L* . p-^Jljjl JjLb ^Ul j-A 




Weight in kilograms 

j <Jl 4 (J jJcaJlj i ^JLs'y 1 J l l Oj ^ I ^jL^-01 ^~ M * 1 1«A-A LLj^j . Y j ^ 

1^jLJL« LoLo La — jj Y 5 £ ^j5 A^JwL« (j yS aJU 4 ^-o-*Jl 

" t " - ^ ^ i ' 

. 4jJlJl j ^ 1? ^Lp BC (J JLj LoJ-j 4 j^-^Jl ^ojJl o yid ^yip AB ^aJtoJl (Jjbj . ^jA 


* *> > ^ > 

5* 4 jt— jJl jlwL>t_tVl Jw~U ^ 4 0p*O tol 4 ul Oj^Jl J (J jiJl 

frjJLj I Xo- fri J“>U>- {jA t JjA> jl LxSjlJJ . J jJaJi y~>iA 0 .}ljj jj^ ^ jj jjl ,_yi 

J ** ^ ^ 

Uij i ^Lll jyX>- j <p jalgJI 1 a jiJ ^yLc- J-Aj jv-^» j-ll (V° t_5 j- — II ajL^JI jl ‘ jJL-i\ 

2 ' > 

^3 J 2 LL (J jJj . ^j-LJl o ^13 j*— / ^Jl ^jA jijb>tjVl J— La £jj>Jl jry^i 

ol ^Jlp ^Jl tjLpU^aJl JL>J! aJlp j_a jlJL>tJ^I JJj ^Jj>JI 

(J jiaj L)jLi« 4 ^jJJl j ^ojJi j ^3 Oj^S* ^a V I ^—-*^1 LJf*^ l£ j-O-J' l3 

4 jjcJjl aI_p jJ j 4 jJl>JI i>j j_*j jJL* 4 c^LJa-*-* ojj . L*JL) ojLipL oL~*j^l oLp- 

4c)L«*j'yi 4 >- jJ>t— J* ^P OLa^Jl^^j <LoL/3.g]| C^li^JL>i^<Jl 3j^j 4 U> j^Pj 

£-*>1 jj <— i ^- vmJw3 I Jw^aj . ^wAJLloJ I f-L^-^-Vl ^ ^ »i3 cLUj o j-*** ol 

A .,<3 > jfr i^a3 V*-A ol 4 oUaJi-^Jl aJjta 0 J-P 4 i-jLsiuiJl olJ^JL>t^Jl oJ L*> 

»*— -Oi Lo o^^3 l yg.;l >0j j+*/2j 4 Aj oLs>»JJ 

" ** > 1 

. I j**£ L>-3j^I 03 iO-^>tJl OV t ^>1 j-A iJwA j . ^,^.,./2.m ^P 



lg_p-ljj ( _ J ill jUJVl Ia-IiA* t AjLlis* (. I Xa jJ~ Jl 

j t ^ fc ' Jl i jtyu i _i-5 " . aJLJI 4 j^>-! ^ 1 p J ^.«i /2 . ? xJ 1 t di-LdJi aL^Jp 

i_£jULj 4 .,«aU..| l a>- ( Jaj iAjjij 1 4) UJi >, .... t SJ j u i;^ j V 4 jl~»- 

l».>».*Jl Jm#u (_gjJl Ls '. jAj i L^JLS” ajLl^VI ^ pJbVI J)JmJI ISUa V^jLi Ujla 

?fc 


^ ^ l— j I oJl^J 4 j^>- 1 ^ip I t j ^-^Ijlil 4j-*A) (jl JJl La^ 

i Ijbf- jy.frVa (, ^y Jl!U ( j^>-lio ^»JI jjJ--— a JUUI lLLLoj 

t >1 Jj>- ^^Ip 1 j-Lyg-Jt-J ( jijl t jjJj J . I 3 l-.i^LaJ (_J.iL) {^jj^^y ( 1 ) l y&AJ l_y A J 

?cuS jJl iLt c ( _ r ^-iJJ JU> (ji^^ Ijit (U U 111 tilts 

j . jl— . jas- JjAJ*- (jjl Lg. 1 p N ( __ r — <»— iJ t jj il ! jjjlSlj V jj 

^-AjLa^pl jlfl i, ^>eJl • A^J (_£ ^JjJl ,^*JL>J| y*^ 4 *y y~£>xA 4 >-jJ j 

61 t *y~** ^ J Lg-*-* <-Xaj ^1 ® jr Jst ^ 

< ^ <* ^ , i 4 ^ ^ 

^Jl J-J? yo jl t dUi JL*j c bJlx^lj jl t L^JlS^ 5_^jLLi 4 t^^*Jl 

o^a ( t 9 jJJ ?IaJl?-J ( j-v»jJl J l aSI J^a <J*>lS- {J* t LgJ _J^* * s r i 

^ j_aJ ^1 j c 53LvajiJl o>li ^yiJl 5-oliJl jJl cii-LiS* ^lL^j ^J| t ^ i 
. LgJ y>- k*jV*/ 2 >~\ ^>jl j*_j ^-ulill ^ ~z> j~S 4 s>zjjJ» 

aSL^iJI dJLUl aJL»«JL. *>\^3 "jz-y ^ jJxJU 4jl^J^>Jl a-La->-Jl (jl 

C ^^JaJLij . (j-~jl (j6^^ ij^ ^ JP^J t 1 1^1 (_^jj jl LuSv-oj 

y j .,/? * ll^ C ( —2 1 j_jJl fiJpL*uuj . ^jSs-J 0 ^ ^_?x— o-Jl Lu^pLi Si jj jl Jw^jI ^_a Lo L^Jwa 

oJla c-i-JitSCj ■ <^-3^/Nl c^lLo Jj>o jl t iijjj>sJI ^ojL>«JI j c j i I 

ULj (jJJ^ ^Xxjj .clusters j\ ^ to^lxJl Jb >~ Jj ^j^>xiil jl oL^ljjJl 

^iJl ^ j_>«jJI i j r A 0 ip t JjjC^JI j>->tjJl N ju t i^LdP^ I Jl jj^Vl ^3 Jl>«J 

^3 o3^>* ^oJl |*^>tJl jb b^p*X» <^«>Lvw«jI .iiU*A^ . j ^~ Ss $ I b*«-t>*! 

jJ j j£j jl (^JJ j-f (J-J j-^J c ^ 


j i« 




>- Jii Jl>-I jJl 

t , > 

. 4jIS C— 3 jJl ^3 I 4 I 5 C.-^li>- 
^ ^ ^PxjJl -J <^JlS 

^ — * * > > , - 
j^Xp c j ^/ 1 t Ll^L^JLaI c ^^Liil ^3 (Jlj^oJl IJjb ^\y Jl ^-X? 6 o »^_3 



^3 2 y>- j ^3 oL>^s> jiLjl JwOcL^Jw3 l Jt>-ljJl ,}^j2-l*Jl ^3 io j^>- ^<>Jl jJjxJl 


j! Ja j£Sj i^i\j]e>\ Jjlii (j-UJl jljjV f-'J ^ jClJl ^ bjjj 

** (. ^ ^ ^ ^ ^ 

(Jjlllj V <dSllj ; jJl (jl Jj>tjj 4 jLJL« ^jLj (^ 5 ® j£jU 

> * > > ' * ' » * * ' f- 

i 4_wsvOlj jl ^SlLliJ Ua ^ j->tlU ^j^i>-l la-o (J_jbjj jA Jj t^jj>tjJl ® 01 j_jl®_j 

, S-> ' ' s r ; _ _ ( 

p-A^Ji c oU»>- .^^-Ia l-» JS - cjLil oOdlA -OaJ^ . Ua ^aLjlJI Aaj j 


1 uvv) j_^ij tiy^j lO'ivi. uvr) £1 jLa-i^Uaj t ^uJi 
ilj — ^\jjjj j~a J ik>uj ONI i— jL*a 0° ja j i (Y,V j Y,Y OOUSUiJI) t ( ^ ^ o V 
H - j «> hlsJ^L: J a~J JiOJLjj <.aJ| jLoJ jAj cHertzsprung - Russell diagram 


. R diagram 


J^Ja Jauj . U>xAjj Ia _^S\j b-Jl ^ ja*-U 1 k— 1 ji S 0/ j ft JaJaOxA Y , £ Ijj 

‘Uf'Ls^| j^A>xa>-J1 ^-La^ C 1 ? ,. a fiji jj>- 4_>- 4_La ^Ji_3Vl jj ^ Jl 

o-Lft JuJL»J jA t \_SULsJl jSLoSj ^j>-S . AjUaJO j»_>vJl £l_*_Jil Jjlaa <_jl i luminosity 
^aULoJI Njl ^^sLd >_s j-a LllSLIj i^jULII <? 11 OiJi i_3j_~J YoLwoXJl 

. ( Y , £ t JSLxJi) j ft jalaj^J *L~Ji jJl 



■ (J=! i^W- t/ ‘Of 5 ^ 1 j— ^ J* 5j_^) jb-i : Y,Y JSOJI 


oi 



JlloJ J Jaj ^9 t L^JwO C ^^J>c^Jl ^jA I jy^ l^wX-P (jl Jsi£>-^Jj 

ol J_>o ^^Lwfl_<Jl &*\ j^j Ljr*->y \ ^L a-Jl yS^Jl j-“*d^' c ij-LxJl dr^' t>? 

^jjT jjl ^3 f <l)Li . Ll^j I_L^->*jI Lo-i-S” la^-> Ojl^ 

4 <U ^JLo 4 j>-j^ 1 * * * ^Jl ^->“ £-L«J Lg-Jjl J-'*" ~J ^ 0J_ ^ l~~j O jL ^y-o->^ ^AjL«»*Jl 

i_sl*-si>l r ya ^iSl __j*~jVI l 5 yS' jil ^ |»y>cdJl oj I y- <L>-j.i J-/2." bd-j 

J > > x ** tf f- 

Lo L^j>t. L?.*^ ^Jip 4j>-j.i o} . S jl ^j>-j^ 

. Jajj-JLil IJLa ^y* h *+> ( _^3 Aj^I-o 4>"J^ ^ Q • • 

; > > 
y yiy^Jl .kybl Jyj .main sequence £jbJL JsujbJl 1 JL» b'JLjj 

^JjJ *y j . j»->tJl SL>- |» L?.*^ JiUj ^bJ! <jls t Y, ^ ^JSbJl ^y i (_£jJlJI JaJajitb! 

yS” jJl ^y io yJie-l ^JL y& U Ly° JJLiJl ^JJJLlU iJajjJJl I i_» yLe- ^JaJL |»y>tdJl 

i _j r ^j i b _^y y-? S«-b»l ybl L^lSsJj t La ^ y yj .iyl |» y»u ( _ J Aj • y®u*^l (_£jJl*JI 


o jj-^aJ!) jJ--*! j 

. (j_ j~Sj~ •*-*> j* y 




10- 4 

10 3025 20 16 12 10 8 7 6 5 4 3 2 

Surface temperature of star ( 1000 K) 

JL>«_i j . t j — a JaJ a_>*_4 1 T, 1 

/uuj ^1 f> *di >ijjJi 



t . iw ^^»»li^Jl L^jl^a ^3 l ^ «««« j t giants 43 ^L*aJI c_3 j*-> 

C-3^*J t Jl ( J^ jjl ^3 4 jil d-->Cj £dj ^J->sjjl jli 

. 1 Ju>- aiaL c aj(^ o*3jJI j y>ri\ o^bJ-J* ^ ^>j oj^j 4 dwarfs 

'*•*'*(■ 

A^JlS ( j& (J LmJ jl J^3 4^jl 4 j>j^>d!l aJi^J <jj[jyJii\ ^ > jiCj 

^UcJl IJla JuLlj • l>*i3 4 4 JiL^j ^ ^>dU Ux», ^ 3 jl . Lg_j 

1^ Lw^j I ^ L5 j5 ^ ^ J lp jJu I ^%-J I ji jl 

. aJuJlt- <Lj yjs /*-*J ,_yJl J* _^>x2ji (J~« Sj~5 ^1 j^-l 


<n 



Slxjulal\ Otiokll 

JaLEJ 3 y>- j ^_a Aj -* ^LJaJl J jl Oli t ^ Eli ^<Jl *UUl jVjJl bwdLlaJ 

LJ ^ Lg-Jj o jJsiJ • L^_lS^ f-L^-^Jl J. APj frj ^yaJ i J^_a AljLoJLa 4j>tA ^■'^° 

C Lp j^k?_*.*i La *..a^ ^ 0 '^J-* ^L-*«al ^-A La 1 */3>^3 . l*K JJu‘U^ c~~J 1*1 

A y 1 (Jc^i L*J^ 1 i*Jy^ ^J\ ^ _P (Jr*^ 4 (_k^; tlrf 

^>JL>tJL™j AjJ .si t Zj>y>x^i\ ( j^*Jl »l jj -1 j«-iI ^1 > -a-L y^ 4 ^^-LaJI j»JL*J| lil . o ^i>iJl 

a_JLp iisLJl f- j -.-j ) I ita— ’li ^*Jl y^ 1 ^ • (_£ Lp yiLZ**a c telescope c— ->li ^oJl 

^ULA 4 A~*xLw0 aLlAj ^yli A-^-*>- j*-> 4 J -CsAE-oJl O 

4 OJ ^jj^Ssil jST j^JI £ j! L^J ^Siij ^Aj . o-i^An^aJl (j^*jl aJN I ^ yij 

^yi ^j^u»j ^vLii |» ^JL ^a jl 1 4_iiii>c_a jl i^Jl LgjLJs L^-L~L>^j ^ jJL i)l jl 

oLkx^i-!l 4 j>«JLx-« ^Jlp ol j-lN I oJlA JlP-L— j i i~S' (_g ^-j i_j j-HJj . (_g l ^ -/3jl-/a.i>- 

. j^cJi (j 4 ioLiJl 


Stellar luminosities 




IpUI 

J^-a ol A j wL^Jl jl L.P £o-LJ| o j-fiJi ^3 O-P ^iJl aJ| I J-aJ 

ALtJjj ( /j5LoJ L^-a AXiL>xJl P- j|.x^g )1 j^Lya^a jjj^/2 i ASSSLa L^jI ^1 C ^^LflJl C5^I 

_ > , i ^ I 

^1 i. ■/?:]! aJI i(pJuijl) ^-~iJ • ( j^^Jlj ( J^s 

^ j.^ !1 jV 4 (_yi^d La> 4 CJ _^Ji jjA iLij-L 4 4 y-^ -J— x-Jl ^yJ j.,a? )l jX^uJl 

^3 t k jli ^JJ llJlLa LlJl>- LajLjLpL L^aJj>«J jj j */2z\\ 4 JI 0^3 ij^Aj . 0 j 

J-Lwi I iJ^SUl ij| Jj i L*-b>-j ^ y>c3\ j . jjJal^Jl ^P Uj5sJl 

.Lv2j! Ls)UwljjJ 13 -Ja 

t frL»_~j! au!,LJI ^>1 ^->-^1 oJi_A ^ >V _ Y, o (J^LSLaLJI j-^_L_jj 

a_oJL? c^ai^I -IaJ j . nebulae Aa^j.l^JI ^ ^1 c ^>lUI j%—«aL o^Lp o^La c _9 

S y t- <■ -' i > 

^_*»l t Allvi^Ji jl A^a-aliJl E ^SLsJl j! ^Lp Jjj ^ t nebulous 

jJlJ ^ j->rjJl Lt^ J c j . nebulae ^ j^r^i\ o 

jJ L^JL yi t A>watj Ijij J_>- L^J jl j_L*j V t p- j-salU sj5"^a j^L,^ ■o.S* 

^5^1 L 0 J 3 L)l Cr°^ * J ^ ^ ‘^-Llj ^3 aLLJo 01 ^j-SLoJ LX-a U>x_}| oJJLo-a 0 ^_$sJ 

. JUJ^JI ^P LaJ^Ssj 0^ (0^^ tJ y^ f'y*^!^ <y^ ® AP _/ A>J 




j* c, .kali I o The North America Nebula LSk^.1 ^JL-1 - : Y,o JkLlJl 

. (^yJujLua k jiJ> t^LjLwaji ^jtgJl t «CCD» ^yij& 


cJJb-t oij . IuaUI iSlii\ ^ \ y >~ V I SbL AijJL>sJl 4-jJaiJi \sJ ^> jj JujJ j 

jij\ jLg-p- t (charge coupled device) CCD L> j cobSlI eA-j& 

4 Y , A J^SblJi ^ o!jJ <_£ JJl jL^>Jl l*b ■./?«!' ^Jb ^ ij y 4 2b*JLll 

^la..^ /y ^ba-s^b! yj ~./2 z. 1 1 ^b light intensity bj 11 oJlJlH y Ab^S* 

*' s * ' £ t * ' 

I Jl>- o AJ^J <L^^ 3>3 4 uo yjd\ oJ_jJi o j-Sb <j^j . y tJ l 

;, J, > ' ** ^ 

quantum oUXll ^ 5 jbbJl cju* oJL >4 jii) j .photons oU y yi 5 L 
c y-j) +j 9 ,\\ (j£j)JL**wbl ^b* 1^ o^LoJl ( jd\ t theory 

L) j aJI$*j o j la > IjUi 4 Aj>- j-* ojblpL I olb y Jjj 4 ^ ^Lwvw<jl Ula ^^JlP 

^xJa^< ^ b- l a . a ■>.■ » _) L»j_lp <■ y jbJl ob Ijbbj . d-?b-^ *.~j>- 

£ W ? L>- w>b*b- ^ yL> ^Ja-*bl oLj jy*^ Lgjb «CCD» Aj^a^Jbl jL^>- 

J b Lb iblj 4 j-tSl OkLj cbaJL.» LoJLj>- jJLS'I d->L_j ^xSsJl j . L^Jl^.>c^vJL) 

,J ,- /?" <o v — jJLj . oj^^aJJ Ajbabblj AIaLJI I bJa^j olJ j 

y& yi 4 jI$j>J! ^Jo^aj *\y-\ y° ^ 'yr objjj^SliVl ^J-p ^.hj jL^j>Jlj 

^ww<>JlLI ^bb>c-« LI jJl J o j_A ^ . <L^l^.Ja.vQ I j y& ^J_> y>^+ -> yij 


OA 



|QpL * r Si 6j yjp) The Ring Nebula jC-jJlUI : Y,1 JJtcJl 

. j ^~~tC l^hS;ll t «CCD» 



^ contour maps IjjI ^ jJLo oLL~^>Jl oli jJULuJl 

. £il yJJl ^JU^I 

^ . o J j ■* S I o _ LA 3 ^ t) j Y,^ 

coU/Vl ^ Oi l j yS aJi oJ-A ,JjSo ^jJL (_£jti! l5 50xLI e_^ao N j g J 

jl cLAj_;-So ll)l jl C OJJ .,<3 li ( j^o <cb_j<_4 f-lj-^-l J^Jtp ( o J_CLJl oUjJC^wO J— J< J (J*>\_i- 
. image processing a jj-*aJl 2j>Jbw oll»jJl oJcs> j . \y>- pS j 

>— ijJU to (jl C to pj>u {j* joliJl frj-oiJl J*}t>- C ^SsJLtU Lc^S" 

^ 'y a j ^aJI o^/ t ij ^atU J j_ajj . apparent brightness ^ ysUaJl ^iaJJL 
. AitkU JtblJl JuibJl ,_g I (.luminosity ee-UiVl iLotStJl oUjJUJl 

0 ^ 




.Orion Nebula Oyjj\ Lx* : T,V JiLJl 


. ^J>-L>-jJl ^y>L\ A-i L/3 «■ > L (J^JL La yj ^LLa i^) jL* )J 

\ * A^L^a yi_P *■ -Llj ^ * OyL + -a..)! AjL A»LwSlJ1 oXb yl| y^ 3 -^- 3 Lul 

l [ £ «p La . aJu^JI op-L/ 3^ yp y^*^a ^LL.?! LjjJ o y£x t_3 y*Ly tjb.1 

jXJ L_3 y~» J-3 L^-LP .r-* ' * * X ^Js- bl l»lj ‘ J?* i_P Or? cu*J yX+*^L& 

t ^ 4 > 2 > _, „ > 

t Lp oJ-*-> LJl5 ^JJL> ^L_*^oJi a! a */3,« I (j £ ^yUaJi £yJa-~Jl 1)J LJl3 JLaJj . j-JlSo O-^-il 

A«Lw 2~J L^j|^ Ajy>tl!i C ul y>sJi -X>XJ y^>- ULfc ci-> J J l>- (J JL*>a jA La y^J J 

Lg-jLs t L\y ^ A-L-s-^Z-Jl y_a Lp- j^.la-»A> yLSl Lg_jta ^3 Lg-ji yy . Jal j ^ 

ya t ASLj (jl Ll^a-> LjI yJ-P ' L^i-*do I Lo-LS" J C^jI L LyZjl ^y& C j«A,a~) t_3 y** 

£yk~Jl *wJ jLdj jXa ^ % Xx* yLp (J? j-^l-AaJl L^P- j^^*-** jL t o Ju JuP t >jL>s_j <J^L>- 

. jllal \ * A3lw» yip L^J[ y>_jtL tJalj ^ % ob aJ-w 2-J jAliaJl 

t/® jpWj y* ciy^UaJ' ^y y 2 -^ yp y>y-> Lr^ 

^Lwv2>>Jl aJ.^^2 j ( yLJL>*Jl ^ y\a*L \ ^y joLj ylj ^Ll>o LJli c lJU^I ^ * ^Lj> AiL-^aJi 
t (O^ 2 - 1 (IjX 1 <j. Jjb J-^-i ( j^Lo_)j . iwflJwg 4 jL> 

01 ^OiL' jjk j t inverse square law of illunination S*lO>>U ^JUi\ ^^ill 

!• 




t CCD jLg_p- Y,A JjCjJ! 

t charge Coupled device j\ 

. 4^-U^oJl t Aillaj 


^P oJl*_> (^.S" 4 t *— ''-~‘'LCo o j^-s^2j ^^a-sljJo La * ^ ^&UaJl 

^_A ^ t ( l) jJw2-^-Jl Lo-A j t f Ql jJLs^a /a LjjJ O^-S" 1^1 t ^ j->-l ojL— *->^9 * •-^^LJL^Ji 

^1 <C^jJL Jj>-1 j ^9 Oljdwa-oJt jJ-j ^j>x-$ jJ. ^ Si jJt^S o^a (^) 

. (l — 0 jJuL 6^o (^X ^ — ) ^ Lu-/2>» ( 1 ) jJ-v2-oJl Oj£j 01 v c J-fcLiwoJl 


> 1> ^ I ' 

* JlSOiJI 0^jL> ^ 0 A.Lg ^ aJijjIp 

jJL •/! 4V )L j~Lv2-<dl 1 0_A c_3 l ^9 jLvJCo ^Lx-OL A J) ^ 11 jJLya^Jl 

S o j-SCJl j-I t j-S” j^Jl A 01 jLjlpLj .isotropic source (s) lJ ^\jJ%M JbyyiJl 

7 T j-vOj kOs^ 1 - 1 4 7T 1^ S jSOl ^Ja-wJl O-L^o 0 J . r Ia ^ la3 i fl.y3;j 

a^jJJ ^Lo-osJl o*L^j LjO-I L« I*^[j .V /YY LJIp ^yiil aijIlII 4-^jJI 

V \ ^ ll i gt»-l~~o ^£^L*~u jtul V La ^ ia3 ^Lo a d)L> Lj^UX-.N 4_oljJl 


u" 




0) 


1 \ 



i j L>*_J Lj suJ fij j) . T ^ ^ 

^ dJLaiJi jJj cm _rro s^uj 
<i>I -urW-^' cs- 5 

LL« {j * J ~/3 £ ) d^Ufl 

LL? ^ la ^ (*Lo jJJ| oL>-jJjJl AjlLz^t-a 

. (<JLiLaL« ^p) ajj L«.m. t .4 3»xJL] 



^ ^J| LkiJI 6l : TO • J^jl 

JjT ^-3 <L> ojj^.ya. j JLJ c A. f’ J ■/? H 

c A LajS o jS Lla <_$ . olaUxA/ I 
cA 4 k-il J \ t jj> c Lgj>« ia -*» ^1 p c £j_^Jl ^-a-j 


4j>-Ls*w<iJJ oJj>-j J5 il)| . A-oJaJL 
«/? ) 1 a l ^ 1 |f . l.»«><»j o j— 

. La 



^1p Lislj O tr jlalll c.^«,<a; ota a yljJi ^lp _^S* j^3 

C oJj^I jJl iJUJl ^3 l A AJaJcJi ^j_a C £^>o ^_3 JiUaJl jljJLa J-A Lo-3 cS^Ji oJuh 

j_ALiaJl ^^Ja-wvJl 3wL>u jlJJLoJi iJwA 01 T-L^al ^-!l I A_& (J ^->- 4 _>-L^o 

AjiJaJi ^3 ^jL-Ju o ^Ja.-x JaLiLJl d — j LS” 

£-ijr° ^ ioliJl x£ ^1 ^4 7r r 2 ^jLw^j Lg_LS" LgJlx^J I c A a la 2 « 1 1 

c iiLvw<Jl oJlp-j j-^ t A A la ial]l 0^3 c ^la a ll i a \ 

IT 


LgJLi tO Ju^>l j}\ U»l .4 7 r r 2 JLp Ia^Jla luminosity o*Lj)/i 

. JlaJI ( <LygJ <w-w^UJL ^j/?A;>tXj 

c B j A Uj»U?j J 3 . ^ ^>®jJI ^Jp ^Lw2-<Jl ^Lw2j ^Jp (j :' 3 *! Uj 

A d)l UUIp ^ U ^ j A^- c JDJLwv o ^JJl Lo. 3 t B o^->l A d)l 

J t ^SCJ j .B Jl*jI A <1)1 (J JL l) 1 Ui>vo~3 tot'Lv^'Vl LjU~x-a d)L<>j>cj L>»a B j 

d)l t *}\Uo . dJJJu ( 1)1 ^JaJL \ N UjU ^UU/a^M oJ»A cii-L^j 

^v5sJj . B o*U*al Jsi A ^j-^dlj t Up <uU jJlp B j A (jUUa x JI d) ^SU 

cx^wJ o3j>*-*Jl LaIjj (jl ^5Uo-> ( jJ! ^»j_>sjJl (jl t JLU^JI 4 _j L^j ^3 t jJ 

. o*Ujl JS^ij oJ^xJl ^ ^>txll L^jU j» ^-< kj»Jl Jlpj • (* j^-Jl d/° Ur 4 j^^l “jj j-vi-lU 

4 ..<Q A >^1>3 L^J^U^I (1)1 (^1) ljj>- 4 XaL IjU ^3 ^J5s Ub- UJj 4*o JjJl |»^>*jJ| U/ 2 -*_! j|j 

. u^UjJl iijL^o jj3 L^Xj jj ^ L^si N jJl 4js-jjJl Jl (1 J->- 

t P J) ./a 11 oLUxlij ( Jl jJJ! oUpL^^-jj 4 AoUlP^I (Jl j-a-^/l ^3 t J>U_aJ| ^j-$UoJL»j 

1 Lo U^j) . jU^2^oJJ ^JfcUaJl ^ Ja -. «* 1 1 ^j^Ju <1)1 ( «CCD)) 4JL>t-»xJl ^I^j3jl j 
0*U<s4 j-LL (jl t UXXo- t ^SsijjJl <jl^J ^3 (j ^$U**3 t Up J>j^/ 3.H jJ-v2-<Jl -L*j ^j-A>Ui Uj>jl 
o^-UJ’VI U-LUj t jxJJ L$JlP UJu42->~ 4j>t^xJl i^Jls ly>T^j (jJJi . jwl^xJl 

. Up jUva^JI -U<j r d)| 1 4 7 r r 2 ^ 3 ^U ^ 4 ^-U— *Jl oUj>- o 3 ^v^ ^>J1 4 j ^aUsJI 

^ 0 • ^Jl j^>- j*)i I of-U^al jj J-AlJ aJj JaJl o jjfc ^J-JaxLs 

jA ^UiaUJl A^vwo^lJl j-s^Jl 43llaJl ^-L o^ . J^a J-J" ( 1 ) ^J-a 

13X-J J-J bjl lLUj J ■ b\j ^ 0 * • I ^yt | J^J i A_llj ^jS ^ i>-L™a 

£.'' ** ** '• 

( 1)1 LJ Jl^Ij U— a (J^* 43 LL 2 JI J_j^j>tj 

^ y ) * 

1 luSU&j . Jtalj LUwa ^ 0 * * L^isUa ^Uj a-oU j^^Jl 0 jjjl J.J ^xi 4_U>t>i JJlUjl! 

( 1 ) Jl4 i* * JljJ>o ^pw<v-xj| of-Lj| jJuJ ( 1)1 U jJUu t 0 *>\p 1 iijja |» 1 Jl>w^Ijj 

t. * * y 

^j-s^La^JU ! <U-sJj' 1 Jl ^-vwol-A-<JU La^>- • J^l^ Ij -^ 0 ( 1 ) ( 1 ) ^-'-U 

. JJ 3 J j^j UJj t ^SUaJI 

s-tf »/9aIa ^3 (jl* U J ( j . — A Lkax^a ^3 JajJi U^-Ajl Ul^ 

OpUJl^ JtS\ C Ula>T^oJl U-A ^3 C iJUftj . opLsJ^M j A dUwoJl 


i . A-jL^Sl]) o^aII oJj>-j — ■ OjUa — — • JsljLio-a ( \) 

nr 



j> ^> tJ <■ £jl^Jl cs^ f J-?' 1 ''-^ oSa (J"° *^“ JJJ ■ ® J-* “^^-i 

. giants aS*>Up 

^ j>tlJ! c- fl . J-a 

^J3 ^3 jl ^Jl ^-^ 2 j 2 j ( 1)1 t ULLi Lb LSj t ^J>*Jl ^>3 joLJl £ y?-ll (jj 

^-»P 0 jJ y±j (Jl>b~ ^a C L^lL (. ^^1 S' y*p <Z-Aj jSsJi ^*pA> (j! LSLj LLoj C<lx-*Ll 

ol .spectrograph (cJJaJl LbJ^) LLLJlS' Lui*J JiSl obi J*>b~ ^ j! cj^^Jl 

• ^JlLbx^o <L^>- J-* 3 Jl OlJ^3 j*P COL>- ^A ^J3! jZ-i 4j3»b>t_Ll (U^JV! 

. c3 LlaL 1 o»Xa 4*J>- ^-<Ji (Jl 

. ( Y, \ \ JbLJl) LL-LLl ^^3 LJ J-^Jsu LL c ^j^wLLSi *j-P> i-i-Jg ^JaJjJj 

^3 Jl Lo L^jjJ ^^3 ^-jl j^J j^Jij ^ g-j li jL/giLo.11 UJL.il 

i jiai»- LLl^ Jo?-^ LU l J Ob- j-<Jl t_ 5 ^ c ^ V 1 U^b jLl 

*• " > - 

^ Jj? ^L>J| oJ-A Lj^ ^-a L 3 . 4iS”b 

t > 

C^.w U t \ A \ i ^>b t J^3 y* (. ]o jL>Jl oJL j«£Jjl ^3 (1) ^3 ^.Ajj t—i-^lSl Jjjj 
p-l> pJj . jUjJl y* O ji yA Jbj jL IjJJ ^jj-gjji Jpjiab ebb OjJj . <U*-~b 

> ' 5 ? J 

^0 c 4-fjiiJl A^lJ 1 ^3 ^-».kp ®JjJ ci->j JOo \l jjJJl 1 J-& j-Jl 

oJla J ^>1 oNl ol J jLoJii . quantum theory oLkiJl ^.j-L LLLiiTI J % >L- 

/ > 

. oJjb CObSJl 4jjJaj 4_kJb b ^iaj>J 1 
^i-P c o^LwLl 4 -O-Jl J jJu- ^ c 5 “H OoL-^Jl b jJa.j 

^Jj>- ol Lj . J->J ^Jl jJCo^jLJI j^+s* ^a ^PjJu L>t>- 4«w>-3 ^-<oJ I ojJJl OlL-jj . 
coJj! j c L” ^j>tJJ ol OjjLjl^j ojj^L^^jJI jL Jo ^-^-*-11 o 1 

o L-50 N LgJ 4 L^-jI LSLJlj N t Ly^j^l L-L k/ 1 ^ s -^ p j ^ ^L>Jl ^^>L!l 

oj^ c L^3 j*u oj 3 ip~L ^Vj-L NL Jp-Lb . JL^Jl ^Laj^l oJla jio ^ Ijl_>- 

■ 

^Llw^NIj <. jj-bl^Jl ojJJ ijoLiJl a^j 5 j j yg U UgL?.^&>3 T,\T < JbLJl L jj j 

# > > , ^ 

4 S^UI ^0 dilaJ l 2 n rrjjajt4Jl 53i jl .Jj"^ Oi 

t . £ ^1 1 ji ; ; "> 

o^Jj^Jl (i^-L a^j>LJIj . LjLj-^5 L>L> L-a^Lj 1 1) j-j j j-Jlj Oj L-Aj 

(_5^ ob^jLjLa ^yS Jj t <LL< ^-^3 ojjjbJVl ulLL Ulj 






j Oj yi-P ^ ij'^T 3 j k ^-i^-^ o j«-XJ 4j-\-J_ftxJl oj^-^aJl (1)1 . T j ^ V” ^5_jJl 

^yi ijj ^iSsJVl 'j^j^r-i p-> AS (J JJ>- jL-Ji V— 5j5l]l jl JJwVj t (j ^JJ ^.Jl 

. 4j_LJjiiJ 1 JLP-1 ^ill lil iJlA t 0 4Jb ^la-i £jUJl yl! OjlJb* C_3 ^wJl3 AdliaJl 


-;> urt <dks- ( Uj c djj&y\ ^ ais - 6 r 'j^Ji ji Ni .jUUi 

AjIjj^ AjI .}! t IJUl (1 ) I ill?- Oj£j *il jj . jj _y^JNl aJlx5 jJULi 

f '' > * f. i a 

. aJ j^»- jj jj-^j U^-J t bjli l j-^Nl ajJuS^ i ~jj i. ^Jiiu (_£.UI jjJ j jJl <J ^>- 

y IjJI j j 11 a Ji« jL ULj AjoJidl electrodynamics XS'j>^\ ^le- ol 

dJUij i)j jZS^S")}\ Lo-X-J j . (J*)U>“ ya AlitU ya Jjjjfij c_3 J+J* ojijLo ^y 

ya L-aj a^Lo^JI o JL& t ^£5lj y5l d)jJj j-Jl dr 4 J Jw ^d Alii 

oj^-J t ISI C y_^o-J . OwLr^-l jJl A^jLtJl y-a P-J_^“ o j—i'-A O ^-Jw* 0 j_JLa y_a f-J_>- 

L^j>t>o 1 3a~> %j d)l yj>“jjJUl£Ji 

t 'S'WY ^Ip <y t j» jJ ^JUl jjb t d^jUJljJl jiJUJI <.jy jJLj (1)15 aiJ 

y^-5o_> i. 4 j J yjalil a)L>JI ^y t 4y Us? ya UJLij LaJllP (Jjy^JNl l) j . ALyi-*^Jl di-bJ 



,L iUu 


» f 

wLils t JJJ Jj>- ^ Lit . jk.si ' I ^Ua^jl ^ (J-^4 ^5^" 1 jl^r^X^O o J 

ijji ^j - 4 t jjJL; il)_j il)L» 5 -i^iajJ oJUJ^*- JLpI jJ 

. l»Jila ( 1 ) CjIjIJLoJI oJla ^» 1 >*j>-I <■ iiUaU ^U-il 

*■ 

L»_Jj J^JjljLa la^l jAj t 4 - 12 . 8 jj,./i l t ^-s^J £ JbSwJl jj —>J _5 

jlj^JJ j t (J j -*-*^ 4 jv-^ J a 4 _JLlX_o oljljJ • Lo-$ ■ j jj.L> < 1)1 <l)j f ySL^jj 

L ^Ju Oj 1 (jl jil . jyL>-| jjl jl-L«jl ^y 4 ^yA l Ai Lj_J ^>- j L>j l 

Jj V jIjuJI ^1 55 ^ y*xi) ^yA AXsSCojda t jyLa-ljJI jIjlJI ^ t j-p>L>*Jl cxj jJI 

jA<L ^ iJjmi i j . jjjjlJL^J! [ y^j Lo iiUaJl (jy i»iUpt Asllaj si jy j < 1)1 

. jsl V> V cia-^JL SSUaJI y> L+&\ ? Aa ^ U Jli)l jlJUJl ^)l 



®ji jl (■dj.LSUl oL^-^Ul AjJ-oJI) j St . I I J-£>— xJl jl>w i T , ^ 1 J^LxJl 

^ jlijls- L_* J^ lflj j . 4-oJiSx-a C-lliUajJ toNlajl ^ SsJLs^ 4P jaaJ>aA ^ya 0 JLs— \ J ^j^-jjJjL^JI 

iilkJl ^UaJLal jl jlx^sl JA ^ ^j-i jJU- 3-^ j' ‘f'Li j jiL.-jj . < J___aJl IJu» 

t j j jU i ijj . \ iiL>xJi ^ iiUaJl ju t jiLxJi j . 4-pL*_jo^/ i 

.T ilUxJl Jy!l yjj jl J—&1 ^y>- jlj- J.l ■ /! » ^ jilt ^yj>x~A i ^ ii b-J 1 



£-L*_«iNl -A OjjJL^JObJ o j-ijJLa aJL*JI £jlj i 4_3 1 . L l l aj_k J_9j 

ii^lll li jl) t llA i CjLL^JI j^xJl 

tj-aVi Jjl tLjj JL>- l _ y iJl SJlpLSJI 01 .quanta oLLSLIL iJjJlj i packets oLajj 
^L_*_JiNl iij_J cJj— s^l . lJ_>- A la , ■ ^ ^ 1 i ( ^p^S’Lo ^-il ■ » l ^M (3 j Lj J_«_a_ l 1 

the <illa.ll ^4 0#^ (J-^ 3 ^ •— # ‘h (_£jLij-jL!l c— jLiJl 

Planck’s c-alia i_i3-*J j_a j cjC j_* h ojIoJIj . quantum of energy 

jiil j . ioL^SOI <j j la i ^^ill j la ll ^|S* L**L»I Ij^ji fcw^JL t constant 

jA j t ioj^kll <«— ~>«JI jl t photon S i_Sl>-ib tciUi Jjo a^IiILiiI ^li 

L^J-aJxJ ^lll AjUaJl <~^S * s>^ ^>-J . cLLt>b A^JjiCUxI (_$jJl Aj'IS £-L*-iNl jbS 

« ^ > * y 

JL>~! j 4j>- y> J ^iaj <L>- yA C*>lj yj yi (1)1 • t ^iUl (Jll^Jl IjJLjIj JLfl3 t OyJ j-flJl 

0 -' >Y** * * y 

il) jJu o jju il) jJU -la-1 jJ! 1 iJj^»- 1 * xY 1 j>>j ^Jl-j ( J-a> > '-’ 

il) La t V* * aij>- J jJa ^Jl .. j > (_$AJl f-j -<a ll Lai . ( ! J jj>- 0j-Jc» 

n jjL Jl oli t L«li- aj«— il il) jj jj . ij^>- ^ * xY,A ^aJl-J iSLW 0 jJ jj 

Juli j . eillw^Jl <L* jJl J^Jl A^Jb AillaJl aXjUa> aL»^ J^>o AjU ljj>- ^yllaJl 

J-l^Jl ^iJl lJu» Jus'll t JUJI ^ilj ^ t quantum theory ^iJl ^Lk^l aL>- 

. Ulii^a j ^Jl ^-L»Ji^i/l packet Aajj aL«j>»j ^JJI AillaJl 

il 

<g+/3 > ?JjNl ^j. y? 4 H ^^3 U^s'i Lo-Sj lOl> y c-iJllj j^$v!l 

Oj-^J (1)1 ( y£~o-}' ^,4-a^ ip^o->«-4 4jlj LnAjI 

? 4j!.} vJU3 ^Jl ^3 ol>- j» U j^a j-^SvJl 

Lo I t l > l ^ a'l.pd ) <LuljjJl C-»i oJLA 0^3 i ^3 y 

OL j.la.xll d)N 4j jiixJ o ^3 t <w*-4^ 

l ojjj-v^JLj j-^-1 >V! . 4_a 1 jlUJ ! jl-^? iJloo jl>- cOj-SCj L« LJLp 

^ j-g_>t_^Ji 4^*_Ss-p^) macroscopic 1 1 £ ^ jJU 

ojuj) JgJLs^l ^ ^JaJjJj . i-JJ ^ jJI iS" ^>JI ^Jl yi j ‘ (microscopic 

.i^jjt jisa^i 




jl ij&\ :r,\o 

^jJl 'j , JU ji Lajljl lil I iJl5 iiUxj LjjJiij 
. ^JLAjLaJt jljL>*Jl 


o j^JL» ji l)I *C^^j . Ulp I 4 s>-\jj o L**lj t X j \ ^ ^9 C ^ jj 


jJ (j- 4 *-iLLl*j jl Jp j-io j-* <~j! ^>JIj y>~Vl 4^>*J| ^1 

x " < f f > 
o j^Jl l ) L 9 C ^-«l jJl 4 -JlP (jl ^° ^ 5 ^"' jl * A*>«Jl ( jlS * ® j - L *-> LjP^ ? 

^JLp 4 j L^*>tj La 1 JlA_j . jiA>cJl ^j£* Ju jJ c-3 y*+ L^jI^ l iJbl (jj 4^->«Jl ^$^1 ^ji 


ilLw^a 1 ^-vaJl ^-JL j*-SL*Jl jl ^j>c-oJI jjuil Lil . ^ ^Jui^Jl lIJi^I^LJI 
Ula Jjl* ^LJljI ? L^-)L«.t^a ly>-L>* <^>*Ijj <j_j .il jJi— ^ <j t a^jLJL^ 


^JJl* jJy o y*U j , <Lu ji ^ y>- 1 oLj j&S I iUL» c ^\JL* i <j j 1 y>-L>Ji 

o j^sJl jj jj L^JjLo ^LoUiJl Ll>L^^i^JI ^jJaj LoL j ^S *}\JL>- d->L^yi5KJ^[| I oJLa 

j^-L>Jl U^iaj ^Jj . ^J««.aJl IJla l^>-L>- Y,\*\ ^J-^JL]I Uj^jj . jIjl>&JI ^p Iji--*j 


0 0 0 
©00 
0 0 0 
© 0 O 

electrons 


-0 

electron 


J! ULJI 6 j y£Si\ ^-iJuJt ^! ^ ^1 SjJiJl ji\ ^ ^1 i^iJI r _ 4 _Ul j! : T, U J^JI 

^>-L>xJl 1-i-A jyy . (jj^lSCJ>\J LajL« 1_J>-1>- i — ■ • ‘~ ■ > Ijjl Jl ut* . jL**J! 

?aS* j>AS Cy ‘ — — jaj! 4 jjJ (J jJ 





aj L id 1 ^Jl 1 ^ L * jLw>< 1 t itaL>^^JL LJ f -1 j&\ i5b»A 0 ^-^j jJLs c aJlL-^-j (_*•>- ^L-?- oj L ipLj 
c J~>Jl ^ £ >Sft 3*>JI ^1 jJl ^Lp j^; N oL c^Julidl 9 jy>^\ 

tJjLjlSwa (jl SI ! A^3 Jfl jjj^a <^>l jj>dl IJU • Oj iiUaJl viJJuw V V 

j^Jl N j_v^ j 4 ^J--j>Jl 3^ LSjL Jj“d <1)1 (Sr^^d Oj 01 4 3 ^*“ I NL<>jl>-I LJ ^Jl5j 

0 Li 1-J-^.A^ . o^) ^j»w>cJl A_*3l_^Jl A3 UaJ I 0.L1-* *v_> ^ 4 _1 j>- 4 ^ A_£_>*_Jl 

A^/? ^3 Jj>-Jj 4 aJ (jl jl 4 ^>-L>Jl JS 3 aJ^Lp| ^Jo (1)1 Lai Oj 

• *» — ■* L^ijl^»O J I OnXA L*n-*P“ ''ll 03 J Jj>tA 

4 Oj ^iSU^/l A_SsJ^**j * ^jJl oL>xj^/Ij |»j->Jl N LJI <jluLz>- o^L> jJL! j 

dLL ji^j-Ul ^^Jl^-LU 0 jaJ** 4j j-s<5 4 4«L*jaj jJ Lo 01 L^j!_j 

La 1 — i ^L*A I jm+J ^ 4 b«>| 0 jiaJl OwXA 0 yAj j * AmJ I L I • » I . /y 1 1 A-'V.-.^*^.-'}.^ I 0 ^IxJl 

£-3 jdo 01 L^S\-<*j 4 A^SwjLjJiII iS* j^>Jl < j— »l j3 A3 jjuo j ^UalU iolJCuNl aJI^cJI <J j_>- i^l£ll 

AjLji>- OLi 4<JUL<dl ^ CU3j ^1 ^3 pUajJl iJ j_L>* Ali^S 

" J s f i. / 

I t»__3 J^ y**S I LX<U 4 ^ 0.4. 1 1 J 4 I ^ 4 I IS* A ■ 1 . - /^ O' . 1 1 

J \j O^-dU Oj^^JNl ols* y>- C^JU- JJlJ . A^33 OJ J *S3 > 4 Jlo1I^w<J| ^3 4 j^oJjJl O^J>- j 

. (aj ^_> txJl) A_iJ jJl A^JajVL jOjJl ^3 | * 0^^ oLj^J 

> g •” J 

^Ip AjI Jj 4 (Jj^^oJl (JljL^JO jj-J Oj (JlL« 0^3 4 

dLUl I. x * ■» < >■ j L« ^3 IwL-A ^ 3 ^Jl Al-JuLaJI aj JL-l*_>t_Xjj . Lx...*.^., >- ^ Ss . )l 

4 W. Heisenberg ^JjjU J'jjj ^UVl cijLic^' <U ^ LP ' uncertainty principle 
j\ a^jLJ 0} • p-£L!l oL-S^LSL>» ^j-p t_5"* c tj-d^L^Jl O^lll oL-j^Lp 

L>“ ^3 La J_>c_) 4 ^ j ./? ll ^3 La ^ xJlj 4 jt-^A^j>Jl _ A_^- j-oJl a_*j>-I j^jl 

O * ^ J ^ / j s 

tjL>Jl ^ilj ^ t oLjjw=> ^»-l>JI JlJu ^ J^U>A L>U 1 1 j5Caj . Lvijl 

•- ^ ^ > " f. w f* 

I A^-j» AjI Oj <A*jiw< Lo 4L>t?-jl jL 

oj^Ii ^JJI j ; Albert Einestein ^LuiAl o ^1 jio UJap UiU 01 j 
I_La j! < 'A- C ' ^ jl -j Ai i photon j_^J _^ a!I jl u j-^II s ^5o aJjj 

k r ~l U aj 4 deterministic approach i^>Jl ^ 3 '-^' 0^ U-*Lu-I Ijl^ ojLipL 4diiJl 
jjiUaJl ^yuiiJl jL ^LuijjT jJLipI j_aJj . yiJl *w-«-Ij V ail jl# ; J yk . IL a s . 1 .7 aJI 

jf^ ^UajJl aIjJ 7^-I jjJl 2j-*J Ai a_LjL^LI| A^w7>tiJ 

jj-jj jfjLuiJuT j-j jtAjjis Jjj ji>-l iil^A jlS" -LaJj . Ajj^xXiL ^-jLSJI L^S"jJu j/ ^ ^i>-l 


V* 



. L£i I ^y dllM l-L-J a-^lAVI O.-JaJ! a 5 I ^ Ul Neils Bohr jy jJlj 

j-y^ j L j J- s-3 pL^J-P Oi ^-il 4 j->*Ni^ ^j-*->*Jl (j-j-J t oJ-ft pL_>-I 

d>.g.A.>- 1 JJLLs *U3 LL^Lflil oAA ^ 

^il ^ ^JL> LgjU IwX^A^ l <UA>- Col 5y>-J <t>-LJl c_JjL>tlll J5 

.iiljl tJL* 

e- . 

Spectral lines iJJaJl A> ^k>Jl 01 o ^p 

LaU_*>LA ^xJl A^<UL*_<JI v-j.^laJl is jJajs- j*-SOl Aj jJxj aALsIUo LJ y>rj JjU 

Syjyj\ y Jajiai- j*SUl ^Uii JS^A ^-~A> 

cbJl aoIS a~ — o - A Ajoil ^9 j^-^-jjAjL^JI jLiJ o!j.i t *AL< l j j-^--Jl3 

jS"aij y>*->j . aJU-.IaJI oIjIa^JI ya ^3 ^JL* L^ls" jL*Jl oUj ol y p yJc^j 

ijytj ^Jji a! ^A>tj (^jUJ!) ^lill jIaIII Ia^au jaaj y z>- lOj y£}y I ul> 

> > 

oUUa olj3 oljy ji ^ . —^- JLil £-L*wANl AA1 u>j_j . JjJl>sJlj JuJi3*xJl ^yjjlJloJl ya AsUaJl 

A-p y illXA 1)U lAXAj . (_} jOl I.XA (_£jLA> ^J! s3JL>t0l AsliaJl ij^J t UA Ia1~>sji 

jIaOI jpaj Op IaJj tAiUaJl oO* oily ji ju>-I uj _y^JNl y 1 *-*- 1 , a^ sa^>- 
O-ijOl ld_a J^Ap (j -^^-AJ ' ^L«-AI i y ®5 AjA>ij ^igl s'g" -°N 1 AJJaJ aa^—xSj . aSUs 

' 3 

. A_ijaJl a 01>- iai- (JSLl jj ^ 3 - ■“ J^J 

«< 

^ Lo 5j >S3l l^buj ol ^1 isliaJI jl aaJJJI jLjJJI ^JUJ ( ^ J 

energy aJUj « ( U0» Y, W JSLiJl ^loj . LgiS jjAjL^JI 53 JU aJJcA^JI oljlJuJl 
egl ie V LgJl ^JLp LjJl jLO J5L0I ^ i»AAc-^Jl AiUaJ! o!a>-j jp L^o ladder 
lo uj ^ aJ ap-I^JI AiUaJl jj> cJjl jj . electronvolts oU y dj y£)\ 
aLaJ jNl d)l • (Ia>-Ij LJ y ^JL-j A^fJJ (j^-fi-i ojlJLLa AjJl>J y\-> j-g S y>-\s- a^j>-I j _»_ 1 
y> jJ oli L^Jl (_gl t o3JU>«^a aJUs oil jJ L y?l..^?..:..o| ( _ s ^-*-j y >- 1 a^>-j3 

(J_p3 jJ LjL Jj^/i P ■ /? A l l J • ,jj3Aj>a-« Aj>- j_a (J jd>J 

* Z ' 0 

OjAJ |j_^5 AilkU IS ji Up t dilS (^yAP JliUij . A J_sAJ| AP^ JyJp Uuaj>j A?-J_j! 

YdJJA BLaj . \yejj\j 10*1 ya L?- y J 0 jja ^j^-JjAjlp! 

U-O (UjIj^j^aJI UaO-w^ AjIj LiAj>-jJ t Y La-A I 1 1^9 luL ^Iaj AjI 

• c5^ AO* - ^LiJ (^J^ 1 ^Ap t (_$ jS-l ojLjuj . Id* y>- j^Jl (J jU\\ 



Level 4 
Level 3 


13.6 

12 

10 


6 \- 


4 \- 


2 r 


Level 2 


Level 1 


olkJl JLi : T,W J.SL2JI 
jji ! «energy ladder» 


Jai>- LlJi?- jJ t Y, ^ \ JSiiJl i a.LH hya><-aJ U li^j 

j.Uaij LiJI IJi«J J >JI 015 UJj . H a line Lk, oUsSfl £jU« 4 j-LJ 

lJu>i <jl ULjIj 0 cjl—is'yi ^yjLvaj>“l Oli t (JjJaJl LoLoj 

«. " S 

. LjAiji> ^j> is j-»ji 

<l)i ili t <tflj jJaJl o j-A ^<j-P 4»ji5 

>- 4-JaJl ^y3 ^j^Ly3JL°N 1 t2jjJi_>- t (_£ ^_s-l _^vsLlp t *>L*J 2 L>- jj j_) t <L«-j 0 j50 

. absorption lines l y>\^asj>')l\ tJjjJ iOJOJl is jiajJl oiiA jls liUj . 

ti ^lalll CjLiU-JxJI ^-o ijULoJl <JO^-s- t isijl ( j^a iil5 A^-jJuj d)l LJ 

i jJfc ^^JlP ‘-j^sdl <3 j_j ■ 6 jJ^UaJl oJlA ^ j-^sllxJl o 4*~is 

^ > < > t , > ? ' ^ 

^ 4jjA i 4-J^jcil aO^*j 1 1 A --~> 01 ( j£aj JyiiaJl iai>- ^j L .a. ^ 531 jy3^»JI 

!il0 t^U> 

9 *- * » 9 ^ ' a , > __ <. 

c 1*^1 Ja>xJ ( 43llSsJl (_$0 4_*3^Jl ^LsJl L$-J Lp (J JjU^-3 o ^3j-^l Uli 

< 2 t bjlSl^L <jl ly O . ^ ia^ 1 iai>~ (Sj^ 4 I OjI j jJl 3JLP ^Ij 

I 1 Jj-^33 Oi (i 43 t J-Ju Jl«_> (_£ 



oJl& jl j L-J Z I L^-Ji Jj>x-j 4 S la « ■<>■ 11 o ji 4^ jJL] 

oW oNl \jujJ 0^3 _^>"1 ejL^*->j . ^la Lu £-Aj 

4.o^3 ^-wJo . Aj^Lwo^^J! jjj ^pv<>-JL] I oji j>- 4s>-j3 L-JjJ 4^v2^>tlJL> 
.(Y,\A JS^JLil) S^LJI £ju*JI ^sLjJJI t ^UJl UL 3 UU 


(1)1 • Lo jl-P I- 4 jJa.LX.l3 4 o jjJi (j->~ jJJLt 

<U» J..1 a y3 ^ 4 liljjf .i) j-P^-Lj C-jI-Lj J_p- jl C^i j3 4 A^JO^JaJl (Jl j_P- V i ^3 4 i^jJLXj jL*Jl 

jX . SI aJu-IjJI *Lj> aJL^-aJI oJjt *,s ? Tj . ^ jjcZj 3 J-J 0 4 ^ jJ>-VL LaIjl^-J 

if* ij^* t JjtaJLj . jLiJl ij\ j>- ^bjj LaJLip ip j-» j IjL>cLwjI 

C->L»I J la 1 ilijj jLiJl . L'_« < t IjL^Aj . aJL>-IjJ| <lS^ jJ>c Jl oj_4s iiUs* 4 JLJ* jip 

SjjJl ijl j*-j . CjIjS olij_y>Jl (jls k£*$i j-fcj tLiP *A-il ^_waj j 

■ > on oji^k Cr? 


Oj&j jl*J 'Qj-'y ^ t ^ YT - ^ 'l A ^1 c L aL- ^*U 

jL*Ji ^3 Jl>«j ol y . <!*>Vjjj\j l lijIJ j c 

^Jjj aJI ji-i . 5>JI oil j 4 oljjj-Nl 1 4_Lol5lSI ol jjJl 

4»^vJ 4 aJl«L^J| oIjJlSI <U.^J J^UaZj l)I 4 ^-w>r-s~0 p4jJ>- 4 Jj>cJ Oi l v 3 -jl 

ojl ^>- a_?-j3 ^LiJjl h**y<h 1L i^wUl ciiJj ^xij j»-S 4 jj-^J j . oUj oU^j*Vl 
Aj>-j.} AjI ^3 4^-v-jJl tjJ»L> (Jj->“ -U LaL^ ^+0 y> Y jL*Jl 

• ' "2 

. li^>toJl ojl y>- l ^ f 'J <■ S ji JJl 1 — ->~J O' IoSIaj . 0 j\j>- ‘ 




L*»Vl jl^sVl Lg-Jl AiL^Lo 4 a1p-L~JI oljLiJl pL^ 3 (jl Ut>- ( j-$J o\j 

d)l 4 ^JaiLi 4 Sj! y~ 4j>~jJ> yJjcS <1)1 ' 4 1 A^ jiflU 

Up Y 3 \^ lijjjj .Up a-*^LjlSI La^L*j 1 4^»^>tUl ^-UJi oUa 

S <" « 

£ ^<Jl OU 4 IJlSO^j . oJu JwP ^^LvoIa! Jp jlss>- 4 ^ ^>^Jl y 2 -*-^ <ujLip 

< ^ j * * •$ * ' _, > • ^ 

LjUj l^j) lg ** ojl ^>- d->L>-j.i ^jLjIj G^Axj iJtlA 01 i LaL^* 0^3 oOa-L*«_^j c 

O, B. i—ij jA*J L C.-».‘.J 4jilx»i_a <UjLJs> t-9lw?l ^J! ^ y^S\ oJ la *., ja-^..s»?~ ^0 JlaJj . L^-Jslc^ 

y • * • « ^i5"|) ij jj>t^) j_Jj*yi ^a O i. 0 .,^? Si ( j^ ^ jj-ijJlj . A, F, G, K, M, R, N 

^N i, a ’ ^ ^ ^j>»£_xJl Glj t ^ ^ — L^ll <JuLl>o ^ (aj ^'-' a Aj>-j^ 

i _^>-j ( j-g’ >— aO^JI pJ JaJj . 0_jjjIS\JI Jji-C' {£y^~°3 1 (iijiU A^-ji Y" 0 • • ^ 

■ ^.^■JjjJI tjlw?Vl ^^>ejJl A-jL~0-j 5\J| j_s^bj«JI Aj^«wlj aL^wO 


Principal types of stellar spectra 
Type- 4026 4472 4542 4686 



i i ■ i i i t t t 

H« He H8 He- Hy He He He 



t . it. it i 

HV H« He H«He Hy He He 


Star 

* Gephei 

Hja 

Aurigae 
H V 



[f? Cygni r; 



Ca • 


Hercutis . 






. ^ ^>xjjLe^bS> Sjl A>-j3 jj Jjl/ ^JLp 


o JJ* UOPUjj 


I»^JI (jljl 

ojl j>- oLa ji_x_<kj IjjLoj L^jl (_£ ji>- j/l jv^Jl 4 j j-laj jUI (j-f J 

taLa j-^ij i l_A_Lg-j ^sL^alaj/l i» jia>s-j to'ii t|»L«JLAjfj LjJjl JLaJ . 

l 1) L»J} J C Ja->*ljl I ^j-a j_«JI a-jgjl (1)1 V<uli ( J^iL»Jl Jal^LlI ■.-(Lia jl 

k_aJa lijli J ?oJlJLJJ 4~™J ijLi ^jJxJj i ^s>-j J>«- jVa t ^ 

IS t pj^iJl ~l>«JL* J_^s iN .ijlJl O ( j-?-L~Jl J>»jJl *>lia J-iJ j tj^JJl 

iwJljo t_j j-Jls . # '^S B jjh i A y>*}\ j ?l_£jLlg| J l_£jl.i o-JL l >-jy^a i4jjJc>i^>Jl jljjjl 

. 3jS\ >^Sii o yji 4J^_ i 1 jsSii r^ 1 j> <X>j^ 6 jui 

1 «..-i L^-j| C! — *■>“ t 4j>a-JHjl e-i-A p. g flj tj I ^j^-a-^-il ^»a jL^g ^\JlL 9 l ^%-^Jl Aj ^J a j *caj2jj 

(Jlj-ial ^jj-i OjJj>c_a j ^J>- l j2 j j ygJ>a-<>J 1 ^y~«JsL_*_aj j_g_$j!l ^J.Jij/1 (jl V A_^S 

OoLi* OjJ_>*_»_!l J— >s-Jl ^1 ^Lx-.i'Vl A_~aljJ C— jLS’ JlaJj . A.i-Lx.o^-a A_^_g- J_a 

,^!l ^ L,L,\ll a;^ Jl (T,T • JSCjJI) dU% ^la 

(jl jjl . Oj-L>«A J^>t_i j j -jg >x-aJl ^Lx-i jU (Jlia ( j...,>.>- 1 J^jxJl ijj JkSj 



Vo 


ft * f * s * 

( 1 ) j jt-lj twi j-~*> . J* ^ L ^ Jjl C 5^* 4 1 Li j-3 

^JLSl j j-S^-j *^-3 ^^lJIj <■ (5jL*JI * «^JJl jl LxjJI M j\ c cjl ^ j>JIj 

ojl jj>- £>* £-£-> -J* 11 — ^ Ja-^.>w»Jl ojl ^j>- 4_>-j«i , Ja-w>s-<»J! 

Lgj li I JlJj t ^ I 4 A IgJ .oJ 1 | Aj I dJLiaJukJl ^jjO oj| ^> bJ| »w3 J-**>J t ^JlS*Ij 

jli i I.J_SLa>j . L^o jlSla JS" ^s ojl j>- oli j . -,^.7 jl J| L j-* 

C iijPj-Jl 4jji y>- 4j>-j,3 t -L*j t t — ^vJLSs-j k — 3 <J ^jjJl 

_, s x t ^ •< > “ i* 

iL ' 4jl^)Jla>- jlj 4 4jLLi o j j_v2j Ip j] • • .3 -o j ^JJl jlS* 1-° l^j 9 . 4—a jL^a ^J-S" ^3 4 j ? L.,:a 

. S^jl j>z]\ 4-aLJ y***^zji jlJLfli ^ L ^LW (j^~9 4 2 J— a>- Oj^yJ.j Li^jL j^^J 

p— >cJI ^-L-il ^jLj-iJl 4_L— — > La J_p JLp cJbLo Jl LaL LjJ jli Ij_SLaj 
iL->J jJ pJ JSCJj i £-J>lj j-J ^L-il <j| Lli .black body radiation *j~H I 
l ojLu-o Ojj-^ajj l ^^-JcaJl jljJj>- JL.3 & p-l> ^L-aNl j*y kiUi p— JL 

JLa> JuJi SJ^jbj . jrjLJl l_JI JJI Jl J^JL c^UJi] J jp JiiS^I ii 

^ f* > 3 J ' ^ 

. ^ ^«al U^~>- (^ Ja^Ji 

. IaJjsLLj jl LJ ^<3-3 jJ tij-»j[l p ... Jl J* - !- 1 ta ^C~“ ^L*-jNl 

l jb£-a C (J^>LaJlX>e^o CLjL>- yj> (Jl Jp| Jp 4_w_Jii j[l 4jli» ijt p-*« Jbj 

. (Y,Y \ JSwJl) LLJ, SlSLj dUbUi 

( Jjj .^J^'jl oliijjJl ^ tl-U>- JJls ^Lx_Jil l4jjLjLpj/l (Jljjs-jfl J ( JL>- JJ j 

l^LiijVL aJi>-j/l olii Jl J ii J-*' 0 *JL>- Jl (j^Jj 4 Ljul ^JjaVl o^ji 

JJ JU! -l^JI JSLi jl J . ^UJ Ly SUJI JL^lVL i^L' L^l 

Ojl J>- 4^-jJj l <C]S tiJbO jJ>!J tp^Jl 4j Jjj pljjx^vaL 

ojl J t oIaL>v» ^ i jj<j y ol^»w> JiLbJl J (_$ jjj 
. ^iJl ^jJs^xJwa ^jljjl LIS' ( L^JL >"ji C.«.X.4.Jjl LoLS* Ojl j^eJl jl La J ia>- >LaJ . 4P j) l. ' La 
^yS jc^ L5j . Jlp^/I ^xJl (jj i ( j^JI L y*^ Lj j^i LliJJkS"j 

yw>) J-vAi ‘t’^" <J^~" ij-^ ^{.J 1 jJL»j ^L*_JiNl jli t Y,Y \ JiLjJl 

J J^J 4 4-La ©jl ^>- oU;3 ^ microwaves 

. j ^ 1 3a ll lujti ^Jl cjL^-jJlSI 

. ojl ^j>xJl 4 j>-j^ 4^ Jl>xJLv*mJ ^111 ^xL^oJl 4 _JLs LLoJ MJLs LlA c_Ad jJL)j 


VI 




s i 

jl . oj 


^4 — oJL Jm £ju Jj o Jla *j.£. laj ! \ 


<>_« .^LujLi l a 1-/^9 1 4^3 o-i-J!..Ji > (JjJJl j j . 4JLt Li 4j jl I A>-j^ |j j j-~ M \ ^JJL»-j £^>xX, 

. ^ 'j *+*> ^3 a*jo^.<>jJ 1 A*-.iaJl j^Lij . ^m> »>»JI ^4-fljj 


"oj\ j>- Aj>-j$ LajUZpL (aj^JLa Aj>-j5 TV — ) O-^Lgj j_£ 3 ^A,l ^jA Oj! jj>- ^A-P 

. c-U^Ji ijLU-P o^i j^- 4_>-^j^ LajU. J LpI~j AjjJLa A ^>- ^ * % j\ L I jl ,>' I 

Celius ijj-^Jl J^-oli-Jljl Fahrenheit (°F) «ds» cJlgJ J-^LS -a pJi>*£*-4 j 
oLs j*JL*Jl ^1 a^ %j J Ij Li! . Uiul <uj>cjjIj ^Lw'ij I ^Jij t(C°) 

as Up 4 absolute scale ^a ojl^>«Jl aj>-jjJ ^***UaJl a-^LJLo 

La^^Pj t CjIj UjJJI j t oUIjj jJlj 4 ol5"^>cJl i-^UaJ I oU_A 

C-OlAjI UjlS* C o jl A p-j.> CU*-*JjI UlS” j . l$J oLu^>*Jlj CpIjJUI CjLS" j^>- ^jA 

LJo Lo lil UpUxJ ui j-*J aJ^IaJI olS ^>JI oJLa jli . aJlp-IjJ! iiUaJl oJla 

«■» > t > „ > > > 
ojl 4j>-ji 4-lU>o LoLoJ Ol£ j^>xJl 0 jj& L$-J 1 is yi > j . 

^xLJLil C ►jjlSo l-Lftj . <l~JL»JL Ojl j^»iJI ^xLdj jl J a y** 1 

^» L* 4 o . l i ^ ^ j » ■■'• . J 0 »,{3 ll t.Jl Y VY* o^j! c 

1 jji Ij y>t]\ jjJl K. o . Ii xJ LjLl» ^^4 ^a-Js ^-ol ciiJi o'i/ 1 1 


vv 




L^J ^JJlj t(T,YT JSLJi) Lord Kelvin ^\S ijjlll Jl Ll t ^UJl 

^ • •• * t* * 

. o K = — 273° C jli t . jO&LLJl oJla f- jj L l ^y3 

JojL^JJi jl 31 i black body a j-Jj 1 ! j*— w>Jl J Ji f j-*-5 j 

<j~lJJLJ 1 JajJl ^1 JlLJOiL IL& i y>-faAj (jl c ^-^Jl 4_>Jaj ^Lil J--9 t IJ^L>- 

1 1 j-Lj-LI JLiJj . Ljj^- L-jL (dJUi l_^JLtj j*-3j l L.Jix 

. L>- j^o Jl J»l ^3 f-j-^5 ^ < oJ Lit (jlS" ^j->jll J>~b ^UJ.^1 01 i ^JaJu 

wL*j o J jiLl iiUaJl J 4jilxii^o <L>- (Jl Jal lijLU jl *LLS^ jl I Jjl>- J 
jl jl I jJL>-j _(ilj . jj! old Jl L.i! Jd jUj j/t J-UajJl j j^Ml j jl 

Aj^iadl y-xjjj Xels IjXaj .^j^jjll jj>dl jj.i jyX>oJI {jA J~jVI *j>Jl 
J[ jJJ3 (j3l JusJj ! TjuI -k~$J jl jji ya iljto3 y iL>jl J eJldJl Jo~J jl LaJ_aJl 
jjJl d_S \_La_5l ^L*ol L y ij_wjj|l » „ >iJl j1j_«joI ^jjljLttJl Jj j_*Jl 

.ultraviolet catastrophy J J jLJol f«rU; di!3 oJj «jj _ djl^J V L 

4l$Jj oL- J» Sy>*A ya j jjo jl frjLiJl jb LLjlj (jd>l _yol £-«J l (Jl>- Aj 1 JLpj 
JUs J-ili t quanta olli J tAiUaJl ^ packets oUjj JSLi J_c- Lad ^ujy ^ 


VA 


(O—iL 4-«~3 t “)LxJ t (j! ciL^a>_J 4-llj • 3 j-^JLoJ! ^J^lll j. J— P 1 jj-J 

-- > " 

. oLI jjJl ajjk ^y> (j»— all ,j~~* U ^JaLil) h idiidL 

^JUl Lo dL*j JLaULi dl La i jjJJL* ^y3 015 dl 0*^/1 <_H_~olj o_s iLLl^Jj 

oJla jl ^Jj_>-jL>JI JukLlXJl ^p SljJ^a 4 _L>-Ij ( j— J jl . •ij-^'i/l 

! ia .>a jJl j j-a'i/L J jVyJl LLj-I a j_aJI ^L->i_; JjiJj l *>L*-i 4 j>«_^>«_s 3 4_la_?-*!>LaJl 

^jbLJl ^Ln-iNl LaJj (, jl jJL>Jl ^yS bJuJlP a j_Jw^ L jJLJ LaJla-! Jls Ul yJcSj 

< - . . ^ 5 JJ»-IjJI ^3 ^ yJ N OJLLs t a j_0«_s3 ijJLLil c— > 15 La !5j . L$_oo 

^ y^-A ol Ljl5LaL) dl ^->&-La ajj) ■ <0 ) jj\jj .ilLjk Oji jjJl ajL>- O^ C 4_>-^L>eJl 

. ^Ji-loll ^ aJLs^jI ^Ip il'i/i L-lax-.a L« jAj c C-HiuJl ^L*-aNl 

1 jyO^-^a-ll O j-iJl j^Jp 4 j Li>- ^jJJl (JlLaJl J^yj llj yJill i— jL LdLo La LI J 

S/1 . OjljJl Jl>L5-! ^jA ilia- L— La t £-jL>J| ^yJl <uLpL*L>| O-Lj I-J j-LLi l <Cj y>r^A (_£Jta 

*-/l)L>-l ^jJ ( yaLiiJl iU-Lo-P (1)1 [ ja5 *a-2 d yjijl ojl y>- 4«>-j3 ^yaLdJ (ULkJ aL! dl 

Lgj pli t 3^-*>» ^ ^ p-^JI c oL^ljjJl o-i-A ool 

4a>j d| .Y,T ^ ^yi c ^ ..a-a l l £-ijy iJy>- a j-Za a>^Zj ^yl! t^^jl J-^p- J-j La jjjViyi 

^Ij j»_aaL d jjLiSl 1 Jl& i_J^jijj . 3 ^aS/l j»_~3>sJl ajl j^~ ^a la . .5 1 L> i w .^uLoj 

jl ^LiaJL' L& SjIjaJI ^>-j3 (JaLif "Vj ^A*\£ j>Lp ildoS’l ^JUl iW. Wien 

.jiUJl ^UJL Ja 

> > * ) > J 

4 JI 3 LaJjaxj <— 3 J— ii t3K ^- 7 -’ ja- w yJl ajl j3- 43 -j3 OOj 5 lili t<JL*Jl Lj^J 

> t f. " * 

©jl j->«J! 4^>-j^ d-oLS' Uol t ©«L>“i ^3 oj^3 o^-wL« > -^3 jjJl 

tl) J_Joo ^ C ^-^4^ lLU^ ^sljCy^l S icilta V 3 L «- V^ ' 0^-^-P 

. ©Jo-I jJl A^ollll ^3 a jj3 

Lo . A-JLp* ojl ^J>- 4-?-j3 4_JL^Jl A.X.^3 ^3 t 33 ^Jl 0! jJ IwU^Laj 

✓ p f- ^ ^ p a p f 

Lili C 4^5^^ l33^J ci-U-loJ c3jj^/I <1)^AJ! l)L> .^4li t U 

©jl jj>«Jl ol3>-j3 ^3 t oJ-ai L—a. \,k X d O J-Ul OvLi d)l t t -i_>e_L 

» Aj. ^ .^ i ytow o J I © jl^>«Ji c^L^‘^3 t 1 ^ ^ c. Iw aO - 

. Ijl>- p-l3^Jl j»L^V( aj.Lu oN t cLlJ aJ| ? clU3 CiLi^ jjb Loj 



-— A Oi ^ — ^ * v S* ^ t 1. ^33 L^«^a dij^ ^*X*J 

^U^iNl \—j'j~jj 1^3 u jJ* «/? S' ^J-JjiJl k— 0^-^^ oli^v? ^.Ail 

4»*^JLxJl c)L^ t ^Jj>-I jJI aJj! L^-^° J-1p^j N ^iJI 4^-j-xJi t^i ' j -* * -* ^ OjkJl ( 2,r? 
^jUJl ^[~a~Jj % )J 1 oVjj*** 0^-® t ^->*jJI 5JL>- (^>j . j 

^jllj 1 Sjt> j . AXa J^ijLwsjl <Za Lfl^kJ \ ^- >t -^-^* J 

^ * t p * * ^ 

p-J>«jJl i- A \ lg i ULSk» ^«.v Aj O' LolSl^l ^ j> Ij-Ss-fej . U2jL*» 4-J| bJlyg L* £-« U>LoJ 

U»Loj (Jj-O t jV>wJl Ojl y>~ <P-j^ jJLAj ^J>- j»-wvw>tJl ^y>*S*A ^3 

ol ^ <w~-~Jl L^l> 1 bjt ^ ^D Lilj . c-iJait k ^k*- (j^ UbL* <J| bJL ^ y Ji La 

. Ajy>v* w« ^£5"l ^ISjjJt 

flao.] 

t ^3^! I J^ 1 J ^ yd\ ^jiL* <-) jd 4^Ji>- 

<u^S* <kk>s>» Ijj^j ^JJI Y, YV <^jj U j-A j t L^L>t>“l JJiJ 0? 4^' t^’ 

UXLkJ L^i $3j tLfcjUaji (-JL^aJl ^ iwaJL^>«j o! ^5" ^ <>j-jL>tJ! 

. |j^>-!j jiai *.., a .,«3.i Jg-iajx-gJl Ul* Jai- ( J5^ . L^jli ojl j^xJl Aj>-j^ 

/ /tf ? 

ojljj- C->l>-ji L» j->J Lo_l5 c ^ ^ .O-Jl jj»o tiaj>J! J jJs 

. ^^IpI ^Jl liS'^J Ui5 jkall ^La> Slj UK j . jS\ luminosities oUUi>i j ,^UI 

A la 1J oj! ^>- ji t jUaJ^I L_iU/g.,il (jl^JjLfcj (j-KI ^ OLi IJl^aj 

' . ; > . ' . ; .... 

^la •»■ ojl _^>- A^>-j^ Ui-U«j (^Kl si) 1 t 4jiiXa*r^ o j j~/3.) il)U«U«j ^UJ l AjLUaT^o 

. 4jf-U^[ OjhXi ^3 ^ylpl 

■ ijjLLoJl ^5jUJ i T ,\Y’ JiULlI iC j B j A Jj^AiJl ^ jj>tjJl ^J! ^JAiUj 
U-L lj uK ^Xj A SjI ^>- 1 ‘'jU jiaSJ! i. c.,s>'t olSUi^j B j A ^ ^ji 5] 

^la.- ^ • B o^Uacu-j 4j^U<c>! ^ yS\ A j |»j . B L^JLl«j 

4jUj jK! jla* ».. A. ^a j Ulii«j <jl Vl i L^Jli B L^^JU»j jjJl K-j^ UUcu-i C ^-^Jl 

• " w * y x * , " 

. B &y ukVl 0 j-JLwj U>tAjX4 C Oj£j c-9 ^*UU IJiSCa^ . o^« 
^tSsj of-L^I j-* A oli oJ»>4jJl ij>-lill .B j A 0^1 ^kv. 'j 

A— J T l a ... 1 | <Ujl^>- Aj»-jJ (1)1 UiJi ^_wKlj cB ^1 

Ji! ajAKI iA |W«xJ! L^SUjuj L^Jli jj ^>J! U>- ji UiJLuj D jU 




J-A ‘J&\ L\ uLS 4JSLJI ll» ^ I JJU Li- JS : Y,Tf JSLJl 

. ^iajjJl t a ^ 1 <Laix>«-« oj! CjU-jJj J c L^jli jUaj'^l eJL^ajI l^J *\$ y~» 


.JkuL Jl i-i-. / aj > j^~- > £^-A-i^/t {y* a!*aJI eJLfc jl ^i-5 AjJcj>c^Jl Jp jiajrJi jQ la7 j 


D ^iai i-*wa.j jU LJli iB j C jjJl LkJjLoj ?liLJi3 t ^JLSsj 

• A ^kJ ^Iva: ^ ^ AlU ^ *>r ^4i 

tD j C j B j A ^»j^»tjJl jlki! i_sU< 2 j! J OjLiLa LjJl! *, * lJ_SCaj 

^j>ij>iil jl5sJw*j B j A jL»p*i)lj i A ^jyill ^ s^a SjUm D 

. B jl A ^ S> SSUj _^1 C j^df j i illi 

^ tlj^Sk 1 La ^c_wiL-l Ji j tH-R diagram 0) j __* kk^Jl 6^1 _ / LLii 
L>S L. Llj .Y,Yf JiLilJ Sl^J! J, jj^^u cfU ciijUijj 4 Y,Yi JSLiJl 
1 z~>- ’JpL ^ j— ii 4 normal stars LiLipl ^LJl ^ 4 B j A jjL^dl 

Lj-u 4 dwarf star ^y aJI ^Jlp 4 Jjji-JaJl ^ y^A ojL^-L 4 D ^Jl 


t "l 4 '. --\ f I (jl^.JL) ^ _ . 
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Surface temperature of star (1000 K) 

.Y,£ ^ Si ye* H - R diagram j .kJoiJ : Y,Y £ J£JL)I 


. giant <01 t ^Le- C ^1 ci j— 

aJuSwj t ^yyS\ jj-o <L*_»<lj <LSLiJ L>jJ Oli 1-lSsAj 

^ * p ^ p ^ G ^ i 

C L«U j 1 L i V»*»J ( ^ ^ 3 0 

l3L^2j! ul^ 3 ^ <~JU lil .O jiS'L >. N c <JjJs>1 

. \ ’* '•■•*•• ^ja - J> 'S\ JJU-j c - ii I ^JLlf c i 

^3 j-»J! jjJ-LjJ! (_g JLo - L>*_*<slj 1 jyyA l '. .. la.*j j & la laa^-oJl 1 d)Li !Ji_Ij = 

VyH'j- i-udW Ati-jjiaj- dll O^j (_5'-i-iI (Jl j . — J 1 ^.~, laJlLi-. j . a j ^ o a*- 

la la ftfca 1 1 ^ AjJL^ lAUja^j l > Y j d tj >- .. S 1 i’jO lftj.ll > aJI : i 11 a Jut* i 

f ' ' C Axj) ,.t > *LU-l ^3 4 j2jljL '> cA' o *UUUd* mX^f-Liy- y?£*- x ^asesJI dll 'll 

at 



jl j\ t k L5 ^A-o^p- w jl L-U-p aJL>- 

y J Jlj^Jl l Ju» ^1 p AljU-NI ^ ^j^JLldl jyJl J*>U- ^j^rjJl a _r^-J 

(J|^_~»JI *— <1 _j->«Jl ^L-LaJl jlj ( -X_*-J Jb»-l>b— * b-^J - ^l-Jb-lj 

?^JtJ *^cJl b I ^y-oLvVl 


^ J^MI &ilis JJJJ 

i Ji— SLJLj . jJl . Jl J j.,^9 cjjUI ^jill aJ^l-NI |»jil Ij^-Ij <Jljj— Jl IJ^ Oj^-i -b 

^>3 AjLJ C aJjL^JI A-~pL*_J-j/l L^jjjJS j^ll j)J-JLj^ t C-jIJJLj ^ .-wa-Ljl ^^>«_j b_-3^ 

^b-Jl ^^a-jJl JuJtjo -X g J J . d$jb-.-Jl ^ jJSxJl 1J-* 1 j— --Xi JUS abjJjJl (1)1 ( jLaJ_«JI 
. (T , Y 0 J^LiJl) iZj\ J_i£*bl aJ-®> ( -XL 4 JI j-JJl Jj-LJI ^ l illjlj j5 

0 jiiJl CjI-UjI .XjiJLs ( £-;l—Jl j >JI (JUjJ^xJI ^-LJl j 3 ^ £"jjj t ^Sd J 

JJ N Ao^JJl yhl jiiJl jl JUipVI JL- JuJ j . jLL'yL (Y)0) mechanistic view aL^I 
^Jb ( aLIs aL-L-I |»Jj«iJ ^ol ji ( J^b> j^L 1-4-1 I jy—^ 1 (L Ua-aJ l AjL^j ^ l -Xj>tj jl 
daw of conservation of energy aJLIjJI IlL*- jjJli b— jlSI JLaJ j . jJLLsJl j*Jlp 

. A^cJ L Aj bb 

L^Jlp AisubtaJl ja-Xj aJu^ AjI ^ ASjLLaJl A-J^Jl AiUaJl dll d^-b J ^jLil IJ-A 

. 'y j ds"^ ^ l-jjl Jl 1 Lsb 

^j^a-dJl (_|Lb jl dJJ ( ( j^«LJ| dj^ Aj^JLJI oJ^> J.lai ( l-XSdft J 

Lib j_a Lj . C~J jJl jj j-a XaIL— j jl Jj 'll/ ljJ_va» t AJLo iiUaJl (_^LLSsJ 

? j-La*J! 


^-w-LII j jJ-ll ^3 c Jl j- . J ! iJja d^^ L^xj jl jijjL) jL jtj-J jUJU cJ^b- 


. pLwo-s^]!^ p-IjJ-^J! J iHi (oLpJlS”) ^..w.^.ia.11 Lj/L-Lft-wJl j)l> jj* u^aJl»J! (^) 

a* • A 

j»! . o jiJUJ! ^»_a ,»! * li _f**‘ j {j-* Ij-aL>- t [ 1 V ! oLjQJl] "^o Ulj b LaIljj ( T ) 

4JUJ o*L> UJl r l ^1 . r Jji jju^ [ri t ro : j jiaJi] 4o>5ji N Ji oljUl l^iU- 

jyo _j 0 ^ j \Xj\ Jii o _^Jl (1)1 t ^ j-Jl ( Nj 0j2 

t Ut» jjj j c j» J- iJl {ja LaJl?- j! t l^JLL>- ^JUl IS V aJU^ 5C« c-ff-U- ^jI t J*~a Jl oUjl» 

^.3 ?<0U^ jJUJl Jji > 




c JU4J 1 l ill jU jS ^3 J_^>o . T , T 0 j£jJl 


t(Y,Yl JJLiJl) Baron Von Helmholtz <j jJ JjjL L*_a j 

ju* t UiU^I LJlp ^ OIjlUIj c(Y,YY JiCiJI) jJJIS* ^jjJJl ^lk»^Jlj 

j * 

A_^_i^L>e-Jl 4-9LI? 4 ^Jl l .<» ^ 1 >- aJiLl^ . aJLI ] g_^Jl ojl ^>«_ll 4 ->~ UL^o 

y> Lo Ij, j ^Lii i . p-JaiP < 5 ! L^Jju-j ^1 gravitational energy 

. |_LA 

SybUill £. jil ^ ^Jl s ^j£J! ^UVl 1 ^^woljxjl ^j ^ - al l c ^aZ*£c^~j Oj*. Jj 

j^iiJL; L ^ l iju>JL. luS3 j . gravitation jSlI LuiUJU U j^aJ ^1 

j^ilxj o i aL>xj , ^ 3 c Isaac Nswton y*j a^j L j t <-j^L>«Jl & ^JsJ t ajL*U 

t j _^UJI IJLa iau-J jl j -°j . j^s- ^Ul j^ill ^ tlaw of gravitation 2~oWI 

jjjlill I«Ia . <Uk^o ola>-0-si3.~ <5 jlj (■ ^ .,r? A 1 1 ( _yj (_5 jJ ‘wi VoSj 

t <-J Lo ^ LM>l^l S^Aj jLob*iJL> j^JuoLa Jjl jl jjip 

<« / "" * * * 

^ * 

. i ajLwJI g ja [***£& j 

a^a ^Jl f ^3 . mass 4 - i . I ji jC j Lo ^ 


At 



zS olj iB j A LjjJ 01 . a!i$ 3 I ^xLJLl ^I^p^Jl^JI oJj>~j 

> ^ ^ ^ ^ ^ ^ ^ ^ 1 

(j lJ j-wJ . ^\JLo c Ijl>-Ij I £Lj U^io aJLs^LLjI 5iL^<>Jl Olj t 1 Jl>-Ij Lot ^ p- ^JuS ^Lj 


LlLl>-I jJj . B j A ( j_u Lo e-ol>tilJ o^Jb»i-o 0 ^s t i^olaxU 0 jjli i i]Ljs 

B j C jo ^^UcJl 0 ji (jli t A jt-w^>«Jl <J Jb L *}Lb> olol J& yLS \ * 4 ilS\jJ C C j*_«-*J>sJl 

AiL-ys^Jl toj Lj lili c JiuJLj .B j A Lo ^oU*i!l 0 ji k_ il***s>i ^ * 0 c-i 
** ^ ** ^ ^ 

SjLo jJ^oLxJLj (_gl 1 ^ * x ^ • JwoIjoJL 1 — ol>ojJl 0 jJ (J-fj Oj-Jj jboil ^ B j A 

4_Juli ^j-** 3 j* ^ i 4-^.^oJ i ^-0 i_w*olllil 0 j^o3 t 1 1‘. j->-lj bjl jk^S) 

.(luminosity St-L^Nl 


f y3 {S J 3 / — 3 jj , ■ - ■ 'i ^ i-S~ ( jo — Ja_P {S3 |%i • *■ ^ « la -_1_5 

v_w_^j ,BjAL» li_fJ L-lli>-i j_«J ^jJI ^>4- Y,YV jXJLii 

Oio^olo Lo^olj l-U^ C ^>-^1 ^-oJL>oj t. 3^-*-*' 0^3 t 4 *j^L>sJ1 

B j A ^y> y£ ul; ‘jS JcJu ,j^J ■ l/p-fl^; J-osl j-B hSxi\ J jia ^jlp ^yllll jy-o 

. ( j — tt_JL)l j^o (jjji’-T i_£l L$->l.i oJLpLaJI jls c <La>o j_«_> £ljj>-l 

L^o {S^3^ ^.- o - Jt J 1 (j-l’L; (_y® J-^-i-Ui tls^i oLIJl>»j! 




t jloL^Zj c3 yj-t C ( j_f iB J A *Jj>- <_£> Lj • ^ J V J^LiJl 

. Lo. fr‘.. ; ,J jJl JaPnJl J Jp ^Ip c c/^ J^l jJl ^13^1 JyJi jl jP*x1j j^-i IaSLaj 

" * , , , \ . • , * 

. l ^w..PtJ I y** A*jil>tlJl (5 J$\ aJl* JiJ ^jI^JI OJ 


J»-^o y* £-**' J-^ 1 ^~>«L>JI >/2A ll ^^3 c LJ <Wp jUJl ^ j-~*-l J * p->«^“ 

. I Jjti Ao.Ja.xJl 

^ ii } ) ^ y 

y^j^jj . ~. s>..L L! A_jjL>tjJl iiUaJl 0jj-=*=-» jj jj-SCj LgJb 4 _pjjJ 1 ojj» 

> ^ in 9> t , 

dlJjLo-» ^LL*ij>“^ I oL <J j-JL ^J*>-!jJI ^- >b - j 45"^>JJ ^J-^JI cibL 0 ^ I 

^iL»J ! JlUL L^i ULfS' U-S o»-l jj LJl . potential energy XlAZ olL 

JIp jl~JI Uuh JJLo ^ . Y,YA J^jJl ^ oljJ ^jJlj c gravity dam 

|Jl& r ^j4>j^ I ^5" ioSLveJl o ji i ^«dj . 0> aLoJl jAsOj l *UJ 

5jLk!l J--J t C-jLLoj IjJ 0»!*L>*JL*4 ^j_^_x»_> 14Jj c 4_P j— a j«L>tJLaJl aLaJl 

. iJiLoj iSUaJl C->lii>ta ^3 <LjL j^S3l 

^ ^ ^ T> j ^ 

SJLLJI oj^ . L^Jlp 4Ji3L>t^Jlj aSLLJI j_>tj ^^.Lp <JLi» j_a> ^jSL>Ji jJJIj 
oJla J j^>xSjj <. jL^Jl pLJI ^5 j» ^J} JUS t <ujSL>- iiU? p-LJJ A-JLs^'yi 

1 ^ * u fi 

43 Up ^1 ; t^Jlia^Jl 4 jL^j ^3 4 4 *£ j>tj\ A3 LiaJ i (J j^tJo 4 J LJl J Ju>tJL» L> JlLP 4^5* y>- 43 LL 

^ i . aJU^SCJI 43 ILJI jJ it! ^Jl j! oji j\Ju c jS 1 turbine jJ! ( ^ ) 




s J ji?l J^>-\ jj*> t y <. JUoU 1 y <> ^i-Ui Iaa ! Y , Y A 


S/l > j^~> N isUaJi (1)J ^1 t oli j_a ^JLo iiliaJl t-A d)li tJLs*" <ui 

(J j^2S>x]\ C AjJ jSsJi ^3 t 4-wOl>- 4jUp t lgjl.3 ti>jJ cliJuSj 

^1 iiUaJl o\ yz} j-^-o-L-A j ( jJJLS" JJL^pI JJLlj . iSUaJi OuLa 

^lS*l i~— — > LS" jj^p c i^° ^l***-^*-* * ^ 3 ^y »L> l ^ > 

^Jl SJcu-Jl o^5sJ I ( j-p oU^5"i ^AJI j!>U>- . IjLlxjlj 

L^» ;J^r iiUaJl ftJLAj . iiliaJl y J>x£y ^ .j J l ^3*3**’- 

. ^»ipv(J ^JL a Y V * . A*J U *<o pi Aj^I j 

|jL>* jjj Oj^jLj^A^- ^>kfc^ U.J) * 1 a Y % S ^Xl3{jij juLfr«Jl 1 c J a x4l Pj^-^l j j 

<j2& vjJtJj • . 1 ^-i-S-o Loj - <Jb-^Jg C«-~J IfjU t «LjL*-u^/ 1 o jl.yg^w-li i 6~ll A^*liik..' 

** - *■ * > , *• . . ■ '. 
il Aja^Jaijuii 1 dyl '» bJju- V 1 ! j^>eat^iiil^ roi6tC(^it©s v dl^L^L 




^ j • v ^ ; 1^ v ‘ ^ *** ^ 

(JLiUuw-£ - t C - C— lliSi' !il)i ^JlC£ t L^^LZ-^Lp 

N y] j ,^fril 1 A-- — .^j-dJ. LI ;<lli ^x;y gt j^jl “'dt? jg ^ LaJ c ^Ji>*Ji L^jfeix-st t 

. l ■„ . 1 La /> 1 1 { wljSi 4.<.U-ll- .; 


AV> 




i) jA Jt LfJ C ^Ij^l ^ * *v i I O-oL^ wLiii lj^-Aj 

^JL$\j 4jI c^-w>«j oU^aJt iiUaJJ lj J../3 4 Jj>o j! 4-Ls<aA-« L^j ^1-xj j t, j^j^_JL*J! 

. JsMl ^ cS>t fU {j*j^hi *L«^»i>- ^yJUJl aJax>i f-LiiN 

^^4 . A.S. Eddington J^-^J-aJl JjjL»j-*jjJI ( J— ^ j_j JJLlj 

j j^p'i . j^-L>-ljJ! ^ . ^ .-JL i l ^Lc* t ^ > y >x ~ i . c ^w>x^aJl 

4 <UjlJJl 0j3 t»Ajl^>-l cLL^L^Jo jL*Jl 4l>-L*» o ^ I^jI ^Lp 

j . <Ji>-|jJI ij^_i ^J </?~i ^UaJ jj pli j*j . £ y >t-» LJL1>\J l*Sj 

^JiJl JJjJI tciUi ^pj c-3 ^ lu£Jj 4 La dJJ jiJ iLLSi J^Udl ^ Jj>-ju 

< t 

. ^p^atij! ^^LLII 4jL jj«4» ^liDl iUU[ ^]t ^li 


JlL (^dJl ^>t-Jl ^j-alJsiP j-Aj 4 L>^> &l <JtL? (H- 4 ' cT^J 


l a * y j ^Lajjl j-» ^UaiJl l$j ^lll jIjS/I Jj>-I <j! . *L»Jl 0>cJ 4 jL>c**i (jl«_£-l ^Jl 

(, > " ^ ^ C 

jLd! ^ ^1-P 4 -ia^.../2-l I j. ws^2J . f-LoJl 4 jL^-P ILLS' C 4**_Lp P-LJl 

0» O' 

c^Lo^Vl ^3 JaJwaJl j . <>jj . ^la «*» JJ_£- 4 *-Lp Lo c Lu j-5J 

■Xou <■ — 3L«_*^» 1 4 joj!j t T * (_£ ^JLv—o ^3 ^Lw-s^l i wj^— o 4 j 1 (^1 t 


?liU3 .LKaj tt-U! ^k- 



r* 


AA 



^aJI ^ L jp**-J1 {£y ~~ *■ k^ ^ aJ l <1)1 

t La ^>o <LjSI>* ojJL hiS^ OjjjA>*a Lj'y IjJljjU 1^11 Lq^"j . 

> * / i ■' * / J -• ^ 

l) j jjl !JlA ^A t 5JaL*~j Jl^jj 4 jaxygJl <jl • llil* Ujj lli ji J^3 *1 ^g-!l ciUx*j ei)Jj^3 

3> ^>*Jl <L**»jLoj ^jJl la * ya 1 1 ^JLo^ . gJa^ 4 u5*-Lw»^>j SJj>-j 1-* ^-~ALo 

j£jJl ^1) jl>>Ij J^A ^yA AAJi jA A^-V^A ^^Lc* 1^*3 _^° ^ 1"*^ j£-> ^1 j* jJ^5 i— 3^1 6 j Jt+S' L)jj 

.(«!» y , r* 



Outer surface 



^ JjJbl g ia.^ ^1 <jSl 4 ^Ji ^ iaJwaJl jl (1) ^ ^ y \ T,T* * J-SAtJl 

ijL (^ jJ LjI® (t— ■») ^3 Lai . AJ^9 f-LftJl 3 y^S' Ojj <1)1 A-Ap Z>- 3-Ll^ 

. ^->*)Jl jS jA j>«J Ln^>xj 1 LkAS^ .stajj -iajuMaJl <l)lj 1 |*->»lJl 3^"^ '^~Ji <—43 j^Jl 




LwJj to li-A 5 y&S* OjJ Oi (_^-*-*-5l \ ^& \j£' ^^ip 

ii^lAp Lo t j^5sJ j . j?S\j ^£51 ^Lili y >Lj j-^Vi l)jj 

? U ~*J*}\5 ^ Js villi 
* 

U j+s» 1*15 t (i_j) Y,r • JlSwJI y, j L oSj i jt-^xJl JJ>-I.j jaJ^yiJ l j! 

jj>tJl <_} jji-Hj . LJLi^J UJlS’ la»./?il L*-l!u t (J^ - ^ y*^ ty^ J 

o'lli l*-o ^JL>-I LXJjj . jjL» ^>*Jl ijl L«-Lo tjLiJl 1 j^o (jj^Ij ^_><jj| (j! J-® ^r-9vjJ f ^j-JJ 
. AldliSj 4 jj 1 (^° jliJi la* ygli 1)1 v — 4^ ^\1 *j.}1 


^ f, /* o ^ ^ ^ 

^ jU t U5 Si t ^>*Jl (j^iJ (jti (3 j* ■ill^j 

JjCJLJl ^ <c~Jl a^jJJ! Lj jj . UoJ« . j ] <Lww*aI jjlj i ^Lw^iNI *&U 

£ 1 /V! 0 ! . IW J-jUj C U^J! 'aL^ ^ >UJI £UJ,yi Y,r ^ 

L*-$^ aajLwJI aJ_o_*J| * <ij j . y, “WaX»J j 1 >■ t_£-X?-l S-j-aJI i j~SL*J 

. £-\ jJ*yi cii-> j>*S . j Jaj»_^i ^yV*fl ^jJLj c <uL>-*)\Jl 4_Ju>_*Jl ( j^> jjJlP p-lapl 

j^ws-JLJI (_?L«_pI jL*Jl JsLi- v c’ Jyij. Ja-i_^? uL« i d j ijl Li_JLp oli t Jji_oJL)_j 









‘^-'Ij a~*_L!I ?‘^- A jl ! Y,Y* I 

. jl JjVl Jylf- ^1^-iVl JaAyC> ^ ~~~.J JJ-ij 




y>*-> \sk.^a Jl Lo-LS^ Aj I 4j>x-JL> ^Jl \q * */3 3 1 ,j*a >\5 . 4^L>-|jJi 

. OJDJlS" ojl yU\ Oolj US t Ji^ljJi 

c (5750 K) J OV 0 * ^J| y>- £*1_-j 0$^" OL> 

oLL~_>- cJfl-pl JLdJj . Oita ^j.4 ^yipl 0 jSj U y*» Laj ^ y y ojl yS\ a>-j$ Oli IJJj 
U y» ^-*o»tata y* ^ Sjl yS\ a >~ 01 ( y l ^Ul jz&j £»l ^Ji ^>Jl ^yi*-oi 

oj! ^>- ^JL> fL>- jJ 01 Jta o^° L -" , ^- >c i jtaj * \ * o j-^j 

L^j ^ta- fills' ^-..*^>0 4 -JLp 

^ ** " tf c- 

^JiJl La ^1 . oJlA dLal^jl J l Sj y*P ^3 L^LsIj La Lt— It -i3Lj& jll t (JL>“ 4j| f ^ < lp ^ 

^LgJLjU iiLLJl cUULi) L*j^j>-j t «-JLJl i_Jl! ajjI j>Ji\ a>-jjJI dlls (J-^“ (j!-^ 

^^3 t j-dVL t j~«-lJl t J ^3 iillaJJ jJLs^a ^Jl y~£J oLL_>Jl jl ^Ljdl jlS JlaJ 

• $ 

jj-Sjal _Ls S <-)V! j*Lis tJ. Perrin l yjj^j. l y>- J L>-l jJls I t j^*_ol 'jkxjj 

oJtfj .Ji>ll ^1 14* JS 4*o-* laxll iSUaJl oJj* ?-Luj y\ 01 

" " V 

! S t jUib^L 
- * 

. 0 j jZSi\y 0 y>J jJ {y 0 ^1 t oj^ 4-x^JaJl { y ojS c— A^-l 01 

1 4_Jl_*Jl ojl oL>-j3 ( y l ^ 1 1 (0^” l-^i^Lo-i N oljJJt oJl& (0^^-^ 

. i j^s l^** 3 Li»>jL>tj ^iJi ajlj*u\ oLoi jJa-s^Ni (Jo^’ y° L^jijj y^s>tj ^ ^ 9 

iiL/?! t 4 j y>*-> 3 jJaJ -iJOwA OljOJi OJJj ^ JJ JL >- yj U yUi3 i JJXAj 

> ' > ' . > * . - - 

^0 j*^j 0 ^ olij L^**3 J +/3 a»~ t oO> oUI aJL>- 0J . oUj^i^JNI 

.(Y,rY J5wJl plasma state U 30 UI ilU^ 
t helioin Sj^ j^LpS/Ij tS^cu-woJl SjJJlj 

4Jl>c_J 0I L^g-*o ^ ^-»*^«»— > 1 t c_—0 ^ (0^i 430 ^^[Lj^ C ^-*- 0 1 y) ^ y o— ^x—i 3 

" j - ^ - ** 

y^-A j* JJLi Jil jJLfli Si y ills' jL jl?-j JiJj . neutrons oU jj ^jJL oLpjj 
i^y OU b-i> jZs\ jJ bJL (Jli Ll*j . ^j-jjJul^Jl c0 ^ ~y (J^ 

c^JJl La*3 y\^P± ojS C5^i ^>t!3 ij^^j <4^P ^3 Jj 

(^JJl iiUaJl j S^LJi jilSJ j jSli jl ?mass deficit i^aild! ikSUl ^1 t jijUl iJjSUJ 
x UjlSoI = iiUaJl (_$!) E =Mc 2 S^-^jJl ^IiJLuT USL>ca i-^L— VI 
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. jA Sjl ^>- A>- jA ^ l* (*— ') 

jl JSw JjIp jlyixi t J5 jl 4UU)! oU-ji ^ tSjiJl Jiij oi : Y.VY jUl 

A©nj*)ljl oLjl aJI>«j t 9 jJ!*i La (1) O’U^J^/l^ jU AaIj^bJI AA I ol . AJL^a-JtJI 

ij\j*- oU-jj j-LU^. jl c- ol ji ©a Ip (!) JjjJj .plasma state of matter 

. UjjUt aJU- jUJl LfrdJj J3j OljAJl (u) ^ La! t 


o JlAj . 5iLl? J-$w» ^Jlp j l la 7 l- 3 A ^ iUl oJ>Ljl jL) (p-j «,/? ll Xfr 

* " ti > * " 

. Ig <■*£■* o iiUaJl 

£^iLS\j iSUaJl Ujj>- N J J-SwJl li-gj jjJ ^iJl aSLLJI JiLdJ N j 

V o L> LJ ^ aL J>- p^Jl c-»LL«*>bJI jli c J^aJLj . c-»lji ^jl 

11a 5 Is c dli jv-PjJI (_^ j-i-i ^ * * * <J-? Jals 

A_j| Jj t 1 A- j ^»Ip 1«.> ^.Aj jiJ Ajl ^vJ>- l lju>- OjjAwJl 

oIa ©Jl**2a A .<>■ Ij A ^*j_P La o 1 l-J ^A-l ^Lp AAoJ L^_HLj 

^ ^ £ (. * $■ 
jjJuLgJI ^ jJ j iJ->-lj Lai j-p ^-Lw T jl ca^vsjjVI c 4 JLL 2 JI 

'' •> > s > * > ' ' 

JpI^L*>a03 0 AiliaJJ Jj p-jJu jl 4_^>-LoJljNI cj^\-pLaiJI ^3 ^Uj>« 

‘LT 















* > ^ 

. (L«Ip ^JLp 0wL<J o^-J- 4 = ® 

l%J^ ^ Up 4 (j^JjJl L*j ^a**«£* ^ t (1) is* o ^*-Jl ^l^-o |t— Lp" 

> • * > * * 

^\ <^w*jJIjj . JlAj C-^3 Oji ol ^dJl oljjJj ^-Ji j oUj jj ^~jJl Ja-j ^iJl oj-5Jl A*-<Jb 

. i>i ^*Jl 4-0 1 ^jl*j3l jlSol OolS" J-dii 4 03jjl cilL ^9 4 oj JJl *lj^3 *Uip 

. jl^Vl LJJj JldJ &j* *»UIp- ^ydl Jpl j-*Jl ill; (.^Ip ^ ol U 

( z S » >. x j (. 

jl 4 ^iUl o ji olj 4 ( jj i * ^} I Ul*-*j £_* yluJ A^lioUl aLI ^_S lll cjL>tLLJI (jl jU*J 

OjjIS 4 ^ j^*~\ ® j- 4 *■ L» j-S <jl Ji>-V ) asLUI ^j- 4 L -%^p uw<bj o J-A 4 OpLJI 

JjJLp i <Lj.jL>*JI JlpJl <lJLp ja Lo j*&- to'yi ^SScj IuSvJj t Jj^SvJl 4 _~-LiJ! 

4_j- j_a oU jjj jj t ^ jjJuL^Jl olji (_5 j-J t^j, > a.,^$o ( . s jj 

ol ^jj ^_^li L*-a I Lj ^Ij>- t ^-d^j L^-» jj- 4 *> } jIL&j b)l 4 4_L>v_<jLjl 

ffjsW' 


? d 6 > 


^J15 


^3 \>\j>- A.-^-4-J I ;jl ^->*Jl 0l>ji ^-9j 4 oU^JJj-Jl (jL ^JL*_ol 

<jl wL*-JL*4-> ^ lL-4_>cJ 4 4-P Jl 4 jI_P ^9 L^_Z5"^J>“ (j^^j (jl Jj N C ^%w^JL!I 
^jA 0j>- 1 ji\ (jL^Jj jJl Ol 4 ^ibjJl 0j3 ^9 jJUj (J^JJl ^JjL*Jl ^ 5 ^* LJlwjJ (jl L<o^dwO 

JL<oLp ^ 2 jLpj . ( j-4 L^J •«— 3j -*- j j^-J jJ-»l o^-dj L<og^L>t-i]V ^aSCj Uo jj>-j/l 

Ia-» i j->- A-Jip (j^^j oji j^tii 4>-j«5 <jb> i^jjLdipi j 4 i iJiA ajjJji f-ij^jjji 

. Jp ltd I IJ-A o^xpL^^JJ 

ijiJl ^1 4 internal constitution of the stars ^SL^^ASbJl ^hS ^ j 

^ J d i l' ^a ^ip ^iLJl 3^Jl 4 ^jJLaJl (jjill Oldj^JLp Jjljl ^9 A-flJl (^*J-!lj 4 <ui>-ljiJ| 

l Aj j JJ I AXj jh> 

. { jp ^Jl lJ-^J Lj *Ci*-L<j o.^L ^>tJl jl lX3j (_^JJl JlAlLoJl J^LcZj 

. . . Aj 'jS I ll^># J->*j J v Jfc Jb jl o^J>*j LI 

*■ t~ £ 

^ySj . ^JL/aJ t k_slix<Jl ( _ y i 4 IJl* ^ Lp iwJijcJl |»J jl 5J j 

A-^a C-JjL^ (^jjl J^>tJl Ojjiu Jj Ajj*iJi C* >L5~ l) C->LLo^j 

oljjJj j-Jl (_£l t o j jjl olw- Lo AjjiL»eJl a ji (jl . Lo-ji jZ£\ t_$J jJI ^L>tlJ'yi 4 j«_>Jsi 

* s * * *■ * * > ■' 

ol j*-» • j ^1 AjjJ>tLo-Aa oLfc.*..^>iJl j j-^J jI-JLpI 0j 3 ( j -A 4 CjI J jJ j^jJI j 

> * * -z * 

-l-ijj (, 5 s Lj_i! il 4 Ijl>- ^ ... y3. a oj-i-il oJua (_$JLo 



C I wL>- Aj ^ 9 Lg-ili I-La Lai . jZ*t* Jl ^jA * 'j>- O^-L* O^-L* {j* 

> 

. ol ^lll ^ oL jjj jJl ( y*j JyLj-^53l ^dLJl ^jL> l^J-*J>o ^^Jl A?-jOJI 

a^jHjjJ ‘■^rj- 1 ae.^ Lr^ Ms ^ 9 , '^-j :i J* <• l-i-S^Aj 

( ^JjU (J*>L>- (j-*J t Ajj jJl Cj^Ji 4^3^ l5^ Loj l o. ^ *j ^p L^IAj 01 jjO^I 

jLv^J . ^^^JlJl ^3 A^JL^JL) ^S'Vl oljjJi Oj-^Ij t 0 Jb JLP J^-Ij^o t^LaJu^/l Io.a 

Js toljJl ;L^i ^ ^Lp Jj^j 4(Y,TT JXjJI) Hans Bethe ^ jJU olSL*l ^ 

. JaIS’ j j-s ^ i ^o^-aj 1 oO-A ^o»>w^j ol <• ^ ^ — \ A 

* * 

oU^Jl 


. Ll>ru U_LaL ^j^ij lj-JO> I jji I c^^LaJI ^aJ>x ^. Jl A^oJL l aJlS j Jlo JL3 

*}L*-9 La ^_A iSljlS' (J?0 j-> T^LaJOl OLS” Oj L5 j>~ L-i ol LJ <J^S 

aj>-jJl> L>*^>w 2 IJla ^jp>../ 2 .^-ll ^vw^wJl! I ^o^-o_il Oli' ol O-S'Lb ol Lj^-w i_. a* S' Y^^^-JLJl 

S a! jA-aa 

a^w<J-aJI AjjiijJl ol • LsajI ^JlaJI ^ jv-^->x^a 3-^1 j-f-l aJLl^VI oJla JJLa oli lLUJ-Sj 

C-JaP I OJiJ^ . V I ^o| LajLipL LfrX^alj ol ,J»«3 t Aia>-^LaJl (J^L>- 1,^..>/?.>c3 

» 0 + * > 

Ui5 il luminosity <u*Uil j ibS - ^ S-s^o. i3*>U i^^r-*^' ipb- ^ <.bj£cS\ 




4_li5sJl La is'^Lp <u jiiJl 0-*-3 jJ JJLta . op-lv^^y I o^bjl UK 4 JjKJI c^otajl 

1 ^ul-ta \ jl i O L® 4 S 4Jl>- ^ ^3 lal^J . 3 1 1 L- A.*/3j ^ 

L-JW2JJ 0 ..,.Ml a*Ljd j-UL jl ll^oo IdSjfc j . {_£ jj-Vl 5jl~wJl v dl ^^Jlj I_£jJl>- 

AjjJsu ol jLiPl b l/ cc^l i H - R diagram j * iaJaj>«_« ^3 L^J» - & j jlj iLa j_laj 

Jiljipj . oJL&Li-«J! <J*}U>- <cdp ld.,<j>- (_jJiJl L$j«j y* L^jjLaj jl ln^<»_> j*j . a*Jz>la 

j-<>-lJl Ijlgj ’ C wo -S ^J 3I t aSs—j dU^ . ajLlo-a *jj • j I ■» g -i^ » 1 £_« jLoj/l jlJu 

JjIp k_s t ( j— «_JjJ I *k£ ya jil jl j^l <_£ ^p-l 0I3 ^ js^h jji-f’ (_5 ^Jidl 

£<0 4-jjLLa j[ . Y,V£ ( JdjjJl al y JlJI dr° J ■ — * XzIoJ-tlA jyl-C' 

t-uli main sequence ^wdjJl ^LcJl ^1 J~J I.L& jL liLd Y,£ JdjjJl 

. j . _*> iaIa>c^Jl 

^3 43 ^x*a UL)lj 4 4j^Ji0l 4j>r_v^ ^^JuP OU^J -Uft3 ^wJ Uwl] ^ «,/?■> IjKUj 

drf ^KLj (j 01 LJ Jjb 4 ^Jl ^UJI ^Lp 

4_jI <Lo-j J-A 4 j « ✓? ?4_> j -lajJ l ^Lp C UUS ^j-a ji\ (, tJ^UjI ^j-P 4 diJ^ 

LUa vllJi J^Lo JJ V^J-3 Oji jJ>- 4j>-j3 4 4 L^j L)l ^j-SU-J 4 _L_^jj 

0 ^ ) s ^ ^ 

4 ^ LUa J^-l^L) cJ 4 <L3 j*^J3 **] I 

l^la i)jj J^-a U*J^oJ U^*-a 0 jS cliJjj L^j. • U^jI A-Jj ^jSUj N U-a 4J^ 

■' , » < , ,, <> > 

(J j^>- L^_> (J^-ULj A-Ajjip (j^-K-UJl Ju>-J wLii_3 4 diJ^ |V-P jJi ^3JL>tJ 

aL»- p-i Ijj-X?- l^id dJjj Ajjf t 4»«jL>JI ^yJl jjj^cJI lUA *— S j— Jj . 4ji*JI oXlt 

> 

. Jl*J 

4j>-|jJ ^Jl iiUaJl 4 uL^^J ^Jj>- ^J| (J J J-*-—* Jtaa (jl N 

N Ji t ojJ^x>» U5 j£i AjjU>KLil aAzjlS\ jl . jSM 

4 ^N^jLLla 4 (jj I (J^-dJ Ujw-J 4 0>tajwL*_a Uj j3 UuKj Jl3 L^jL» (J jb 

4-a-UJ ^Cy 1 ^3 1 *. /3 . a ^_P* i. Jl > > c_o ^)l L—Up IfcXJ^ 4 3 ^j1P cJ^L^“ -.AjLwwm^j w3 ^ ^ »| 

»Xal -Ua 1 $j C.-.S. 3 La A-^U-*JIj 01 UKUj . 43 LlaJl ^j-a tal>-L>- 

^LoJJ^L ^jlJl iJ^xjl oJ-* k-yy>*j ^LxJ JLaj Y^j>j^/I ^S- yfX>^A ^ t JUju 

Sjl ^^1 o^-ji 0I3JJI iS jJ ^l-^Jjl (^1) thermonuclear fusion ydl 

tA^Ludl dlij ya 4jj^a ly><jCji Jjlp I jj JLaJ j . ^ (aJUJI 

^b>j Uj . JisU odlCoL ) j t hydrogen bomb jjjjl^Jl iLiill Nl 



lOOx Sun's mass 


1000 000 [ 


100 000 r 


| 10 000 - 


> ioooF 


• 20 x Sun's mass 


10 x Sun's mass 


4 x Sun's mass 


2 x Sun's mass 


0.5 x Sun's mass 


w 0.001 


0.0001 


'0.25x Sun's mass 


50 40 30 20 10 8 7 6 5 4 3 2 

Surface temperature (1000 K) 


t luminosity ef-Ls^Vt ^ aS ^.iJl i Jl Uj& AjjLix i Y,Vf 

. T , i JSLJ J j . -A ^Jl c ^ ^>uJI c Sjl ^>. 


|t X f ^ ^ ^ 1* . # 

^i-P (jl . 1$ Jlp ^SL****A Lfr^a 4 »>e-wmJ A*Jt 

> X 

. LoJta iiUaJl ^jA C^jIj 

»» 

L— *.■>. «.~J t — Uu L^-jj t l-^-^ 1 " yy-J ^ t oJU& ^3 C 

i^J-9 ^^3 4-L>“Ls-Jl Loj^JIj <^_>3L>x_U o j-yS j t 4uo-Ja_*Jl 

- •» 

o^^Ji C^3 4-o3L>eJl 0.X& ^-^-P ^LoJLpi 0_^3 Cj^J ■ Ojl aJI>- ^3 ^vwOwJlJl 

j^_>w pjAj ^ ^■*/3.>eJl ^3 p-lSJJl jLS-I oli i <u>^lzxJl 

" , ^ %>** 

p±*Ji <L^_>s-pl *^\»^3 ojL>cjI L« i-il t ciU-i Oj&j jSj . o^AL**wO ^j^Jj 4JJ»-Lm» Uj% 

. 4ijU->tJl 4»Jw4ljl^ 

I iSliaJl ol IaLw*^p t L^jta ^j-%w^-JL 5I iili? SJLvi-*-^ 3 

J» s > £ a 

tj-ls ,j-^ UjfS’i L-Sj t^-2J oLL~>Jl jl ?sb_ivsj (_$-iJl JiLiiL i l^J o ji ji^i\ 

> » ' , % 

J |>Lp jL Li 15 ^jSL j*J iilUl jjJ^tA jl J^]| 



j>^\ ^lp ( j^j^Kj jJLwJ ^yi^o t t^^j >- j t^»yJl 

U->ej>- /» y>*JU t 4iUS* ^ 3 ^ drf ' , '--* >x ^~ J - Oi 

. (J jb\ CjI jZ3 ^ ^>*Jl Uj~J J*A$\ UUjI ^JJ 

Red giants jlAJl ^ilUxil 

Ujjp i 3 Up (J?-UjL) ^y 4 0 ^ i ^ j - <>p ^*pj 

. ^ jjJul^Jl ‘-UJU U>-jl>- li^pj U j5U ^oJJL» (^JJl ai^>-jjJL»La wUw 

Uj^w' t <lUs ^3 j-Jlp j^Jp p-***-*-^ Sjl j 0 U ^y >z - j 

SjJ^j ji-PjJ c 1 J^Jtij . ^_>ijJl Uj*}Ap oL>-jjJl «lLJl 3 ^_sNl J^Jl AJ>g-o 

jj_a \Ua^ i ^-sU^Jl U ^*T-> 3 JJu 3^ 3r° ^ <y 

. iiUaJJ ^Lu[ ‘ J-" (_s® <w~™JI 

^lo! ^Lp lj*iU> Ajli t j* AiLx-JL^Jl 43'JaJl i^Lp 

^»jIaJ iii-L»JI bUl j ^L*_i>\J A^^lj *_il jgjj< .^jjl j'y kdiJj , JJ>-IjJI j^>tj ^j^L>J! oJL^i 
^ll>! k—AJjJLi LJLs-j . ( J_>-I jJI jj>t_i ^-Ol^tJl JlI|| i iiliaJJ ^JU_<kJl j*_>*jJI i ^-L>cJo 

. ^aUfllll Jw^ ^-JlS ‘ULsUtxJJ UiU 3^“ J>*'U?ll 0 jjk £t_w2J C 43 UaJi 

. ^2\jCj ^j*3 0^5 iJtSU* j 

* * a “ 

i Ij-SUij . ^ UiS" 1 aJ U I^U t ^ J^U'J 

^jA ojipJ! 1 UjJPj . ^jyoJUj ^ ojl y>- ^->-j^ 0^3 

o^l wU j-> o J pUj t j^j>ejJl wL> J j>- 3^~UjJI JpUj 3-^ ^ ^ j^-^ 4 ^jUJI 



^ L.jc^ : Y,ro J^LlJl 


^jj* t La ^jJJ ^_vij i Aj^oj 

L-L^l iiljLi ^^-jLi*- <. . 1 . g 1 1 


■ j 51 ;jLt~ ^rj- 1 t/ ‘ o~r j? 



j^S I ^ ^ ^-*-*-** d\ ^ ol ^J-pLaiJI ciU^ oL^p La^ . ^->c-iU 43 II 2 JI 

■»> 

*L^*jjIj 3 jlaj 

oJl* £_« o ^^9 ijj-Pj l . ^alj «-L>^-jlJl pL*J_P- -Xj-IaJI JJs> 

4_ L»_f- (jl 4 _^LS\aL> c JjVj t 4 jj jJl 4_ J ~ J l 0->-jl JujJ_j . 4jL/2-*-»-ii 

4j jjws JJL>o . j-5^ t (_$ jj f-Uj jau t ( j»L-x'i/l C-wp - t (_jjjjJl ^-Lojj'yi 

,^'VI JliJl ^ dJUi 

. (_£ jj-V! (3 La1jl>-| ejL>tj>«Jl ya cjLLJ? i \y>\>- Ij1jl>- jv- - aj dLl ^Js Jz I 

. Lg-iS 4 J La..jg jlgjJj t J*s- i jj J JL*-i t J-W3J jl-b>xJl 

^J-oaJI (J-v ?! y ijl dJidS^»-> i_jL5^3 

t ^ j^i^ll (_£ jj £Jw5 1 ailjjJaA- 01 ^y JjLoJj ^'p\ aJLaaa C-oL? 

" » -> t o ' 4 ^ 

. ^ J5 oiyj jl 4 jlJl j-i £-o^>- 

*3^ I 0 ol 4 ^-OJLp*eJI ^j-vO (^1 ^^3 4 4_P (1) ^-3 0 

p p 

Jjj-® Jj^i 4_^S\Juij| f-L^oaJI j»-?^- £ ' *^t 1 t 4-i ./j n-oJl oJLfc J_>- 

jl ^ Vju LjL J jJsJIj JjJjk JiUj ,(T,ri jiLiJ!) £Ju J _ r «l5’ ^ t Fred Hoyle 

j|Jb>«JI cJlLa d->“!AiJ ^LoJji Ujwd OjSLi *V I^LoJj ^-LoJjl y p- i*L*z*^j 

1 4-s £>j J 1 e^-4l_w<s 4_»^ jj ^ia_*_i N jJ (J jj ojIaia- il)Lj c ^ y>t->*J\ 

*xi ^ j.L^ U ^ jj <ij^kj (j! j-A . (L«^>“Ij ^\j>- o_^^j L^o jL>cj>-I aj^\j 

. O^jjlSCl yc ayC^A a\y ^jScJ 

jj-SsJj ‘ J 4 -® (j“? cr 3 IJla j-la-?- JlaJ- 9 tJL>J! ^-slj I^J 

^j-J^Jl l jA (_5j-> o*>\i! L>-LoJJl jL ^ ? ~'j L^-; *V oLja^? 

0 j_* c— ilS L»Jj . *ulj 4 j!j jlis-Jl L^J>^ */2 j jl 4_laLj jJ* (. Jlj Jj>c-> ol 

oU Io5s_Aj . ^Lj_^ 7 ‘W 7 ji ciUi <Ly? ji o|i t OoLAU>tJl ^ i] y>t^j 

t9 J ^ / p, B ^ ^ 

Lj 4 OjOa^) g- J a^j ja + aa+j o^^ljJl c— jIO^-^I o^Xa 

. l^xlaj ^j>p L« 

^IJl-L^I 0 j Oj ^^ 2 -. j-xjJJ -La_ 1_3 . ^j_J jjti JL>-J LlaLa^ 




t o-j j_pjLo 1 j t (B 2 F H) — & c_-> 1 T ,T "l 

■ Jij* £• Jj^ p-LjJ 4 (T ciy^rr J 


<< , << > p 

resonant iJU^ *)LpLaj ^-a^xJl y_do^p «,<?«,) o < t^jL-^yJl ij— & dr^ 

. U u>jjju* tOj-JI ^ tresonance ydjJl dl ?dLyl J^UiJl y> Ui .reaction 
J y L^jIs t L^wLoj la..*/? > i 4l)l jL^I dU^Jl e-3jL P tunes LoJJ^P ^ 

< — &-j *1 _y-li d->Ld_o y3i^_i jLJjVl yLd_o y d I ^1 t j_UI o»L<>w*jJ! 

y^l dlj . yo^JLi pUl ^jilyJl iJLfc tUyjj . el>L*JcJi oJLk ^j>r <L>t*ll) I d j-^3 

i> > j f. I * ‘J i ^ ^ ^ ^ 

ysl ^3 vd^JL>cJ (_£ J^*' J^jy^ ^J-d-dU 4jj t ^Ifl.llj j ^5*.i-oJl elJ J../2.11 (JU° 

• </ 

aSU^ JJLi; dl t resonant nuclear reaction dli ^1 ^jyJl J*LiiJl <y 

d . LaL>_> t Ay^lUl o A j I d_^^)l«^ll (JJ ^ A3 IL AS'^Ld-oJl cd-’^Ul ^ j)lJi 

oJ_Aj . (Ja^stfdlj jLo^Ul CjLo^j > jy^3 jt-Ij UJjLa) |jj>- c Jl>Jl oJL& t J-P Lilli 

l*J U aJ| y»y& Jli wiJjj^ . (*Lw*>-l aj^U f'lxill o j wlj yp- ^-* J *UL*Jl dJ L> ji>-^/ I 

4 y*“l ojUjj . (JjjjISU dLi y>tlll ^ A^ 0^*j yls ty jJl l*Lfc JjU 
jy d^i tJjjyJl ^-L®uJ^I yf t aJLLjJJ IjJl^o^ y>«jJl d j-$d 

• 0“^ (j?*J tiJj I 




✓ ? 

I L>s-LvvwL^ c \ o 1 ^Lp c ^a ^L 5 Lfljj-p^ 

t ol y) ^3 t wL>-~ Co IS” 01 !^AA>tIj Ui 4 jj AJ l *L>^%aJ| *LoJ-P 1 01a ^J l 

ojJO AillaJl aJL>- yj* ^J-O-Aj ^JLpI A^liaJl oO-A 0 01 lOlj wLaJ^j . oJ-g-S” 4-slJaJJ aJ 0>- 
an ojlio a)1»- I^jL <. aj_j oLj— AJl aAJ ^ i o-L^ oljj ( ^p <JUL j . <u— «LJiJl OjjjLSC!! 
LgjJL>- ^1 3 j-> a ol yJl oj. il t^Lij-U ^ jJJ M ojLlUI lJL>Jl j£Li j .excited state 
jY_>ijJl jJl£J_i ^iJI LgJb iiUaJI L^jI . SJLSijJl ASlkJ! j>j>%j J*>U- AjjLjLP^j'! 4— J ill 

jO—jj N j) ( j-j *>! j-Jl jj-« <Jul$3l iLJuJi o jji ol j! ^^SCJou ojJJl ^jjLj-s ub JJiJ j 

t J .(IajjJJI oL^ojJI oL»_Lp >j jjOJu.il jj~J C JJj ,j_A l C-JJb>- ^ylll A^j-lj^aJl \jjb 

l_T* Oj_^lj cAtJJ ‘£^'j» ->j'j lT? t 

✓ i • ** « p . -' 

4j 1 j-*Ji (jpLil £j yii\ 10a 1 j|^/3>cAl> Ol t 4-jJiliJ LJjjaJIS" yx^i t 

ijj-ijLSGl oljjJ SjlLoJl JJUJli t La>t^o ol5^ (J^ j-* ol I jJlp-j jlAJj t |>j^»tiJl oLj— AJ ^vJLp 

> 1 * 

. IxwaJU IOj L*Sj t *)A_*3 o3^>- y± 

IIa ^1 Jj^U ^1 iib chilli J-aAJI ^ Oi-S' ^ c L Oli’ 

V— - 

4j>tA Jj ^^3 ^oJL^o 01 ^ J-5L O^j J j2 " 4 C jJI 3^Jl 

J jiaj A-0-o-P 0^1 t . aJ_$” ^J_»l,Ajl AL^>-jjJLj1a d^IaU-^I JL*-> 




Old C A>-j3 0_2-£-l“* AjO* ojl 4->“j Jj Ji j J C ^A^j Lo-j ^_>«jJl ^-sA 0> JJ^p 

•* -> 3 J 

. 0j- 0>- J-pLij ^^3 iijLiJ i—3 j^>i oVI ^Oi- 4JLoli>- jls ,j ojl? ^ j . 1 . g 1 1 ^ jj 

UlA; i io aJjl£* 0j3 'yj i£sJ i l^a Jj>*Sj Ol ' jSL^j p a— 1 —ft aj *wa <p wj>^ 4 oi 




Excited 

carbon 


+ Energy 

Normal 

carbon 



i {J-ij-b b^>- j^\ *uE— *Jl ^s t Uw a ^JJ o I YjW ^|5ioJl 

c(<ilko 5^5* j ^ Aa. O^jlSdl e! ^jJ ojlEa 4JL0- Iti 

. A3 111) I y J ^j3*X J 1. A— A LO)) 0 ol JyJ ^jJ ^SU odjO 



isliaJl OJ I ( JX>^jj <■ ojliU aJL>- OjjjISGI a ji jjSoj . jU j 

. o jJJl ^ J & 1 JUS £jj ^ -JkAi . (Y,rv JSCill >J!) 

t_iSvJ t jS" Jj>-I.l -t 1 jjw2-!l JuJ^xJ AjUaU JjA^- (Jc juJ -’ S)! 

!_jJu>Ji ^JlP Jjcj (1) 1 Ji> s-1a (_y3 d_^L; '- J ^jfi- i j_fi> 

^JLj dl N Jajt -ya Jl ioLjJl . ^>dJi jS ” jfi *L»oL>- jJ Jd-ljJl 

Ajli t Ju Jj>Jl jJl la-.,i> ^ k_i^>L>Jl /^Sw i \^-J ■ Si-bn^i 

I i (jli lj_^_£ij . £jL>Jl j_>t . j iiJLjljJCa LL> jyx—j? I 1 1 V ^*JLSLi 

j£\ c iULws*j J^o J t jj^o -LS ^3 jjaJL^o j-A p_> t L>cj jJJ J^j^jLLJI 

jl 4 OxjLJl iiUaJl (JwL*» diJjS'j . oj^a AjLo-J ^ya 

. o^-Lv^i y^\ 

43 jLp jU 4 4 ^_>dJl j- 45 (Ir^^ LoJSj 4 <JL>* i»l J^Lp j 

jl ui> jjJl <w$Vl i*_v2j ^y>-jL>J! 4s>zJa^ oj! ^>- 4 p-j.> J»£ SJ 4 -4*^ 


jj-3 4 4_j jJ £-a p^jJl ^Ja-wu dj! j_>- L' ^LjlS LLLl^Lw* L^Sjj U> taij . jJLSl 

' ' P > __ 

. 4^-^u JJp 0 ^Lll L5^i ^ 

JuLj : Ujlip cLUi5 vJ j-J j .red giant ^>-S(l lJ>L»-p jji> Ula j 

c Lr 4 ^j-vwo^Jl ~Li t ^LaJJ^Ll ^JjLaJl 

U5 t^jVlj t Venus (.Mercury Sjlkii* iJi^ljJl ijl^Jl tIsS'ljSCJl tJ^S’LJL 

/ fr ^ ^ f. s > ^ ^ 

. U^2il ^cj j-oJl ^JLlo l*x>- 

4»xJjL^J La J-LP (^1 t jLLJl *._* I^La L) LSs-^v^i La^ 

Ijj^Lkj <1)1 L^-JOO ^..^,-1 J J la I Si ^a 4_>-j^ I yJu ui IjpjiL) (1)1 ^J-aLJ-3 V ^wu^>wjJl 


^J_P <1)1 <1) ji. *% £>. ui ^-Aj Cj^aVl t - -j jl 4 Vw w iLjl CJ jJl ^ 

L jl8j ^ ^J-LiJl N aJU JL>- JjI L^-^j • jLol jl>-I 

! ^3 A Lp J^sjjL 4)U* lip aJ^L>cJ| ojjfc o^al^ La t j^>L>Jl 


t ( ^ ^ Oj t , — * j>^\ jU t Y Js t ^>- & K<jl^iJlj ^-L*J! ^oL-iJI ft e->U£ yUjl ( ) ) 

• c_r~*--L' c/ 



toJLw«JLJ ‘JLs’ lID. 3 015" (_$jjl Sld-a^l A-lai ^JajJ 01 

4_>- JJ *>‘ul **£a J i L>*J JLa t La^-Ca Aj ^JLa OlS ^i2J>w» l-o-g/.a c— * ^ 13 ! 31 *> 4 - o Jl 

ai-a ^yj l jJ? I 0 } J jJL OJd *-«— a J-fc !.ib-AU ; p_^JL ^ 50 *ju 

ajl^ ^.$0! j ix— j-sl pJ t (_g j_>_^ L 'jbS'# : MsUi iLdJS/l 4_,U-li t«?^Lp 

^ Ml.il jk3l Aa>-L>- ^jA ■’ ^AjIS c JJCy- ^IaJI 


fljSVI ^Jl SSJUaJI <> 

p_ar_)Jl a jJLj aJU aJU~ ^a ojLdpL (_J^>\_a_*JI y*~aZ Aj ^J aj OaUJ Ob 1Ji50s j 

^3 i^jlj c L*Jft>- _^-5"l l^l->- j . J-iLgJl oi jij -bid-xl ijl J-*j ojjiajj 

^•^P lJl*l~A tj *> iakj^o j— ^ aJI (_$! t J-J ^jA oaL0>! ^55" 1 aj^J j Aa-tix-* 

. aj“>L_*J 1 ^ j^l A?- jJ d~y t ^Lp! ^[j ^Jl b>0 tmain sequence J\ ^Ldl 

^Ijj'yi ^ ja*cJl 0 ^5c! ' i-5" ! jA ^bll Jlj-JI j 

C J-Q~>-')1\ (J^JOa-jOI A_La - jA -L*_i tojjJajj a j-JLj ^ ( j5jllj a_3 j_-a 

oLl*JI ^Jb-I UjUpL ^tjSVl p*Jl ^11 >0 01 b ISCJ bIS3 . JUl J^aiJl 

_^J1 Ji ^3^j1 A-3b^?| A^^ AjI ^*->dJl (_£ JlI l 5 ^* j ^ La-U-P j ^ la i t_£jl . J L‘— 1 1 -1^ 1 

j j la 11 t-lU^ ^3 lZaJ*s**a <-3 j^a Lbp JL— ; 01 ^4 la ■ ^ l l ^jA O^j . 0^ U*°J 


. AjL>- 


l>? 


t - - ~j2. l (^JUl ^^UJ! ^j.a-1 4"U (Jlj dab <a jLOa blb-& 0 ^-SCj C ^3 -L? Lob ^ 

l_i_A Ji! ^J\ ^ylSldJlj t AiUal! jjjj (^1 1 — ’Lp ^ i Ja.^.,^.11 l_LJ yA i[ 

3 jj «— i Ob A-^j31_>tJl 1 ^t-4— -■> 5 _^*“ w ^ ^50 j . A^oL>*Jl o^3 ^-asdJl A-bl 

^Ajl?- J5" ^3 <w43 j^Jl 

> ^ _ ; c . t y ^ 

J-S' OJ J— A?a l ^ la jt .,/? ^.J wb c La ^ 1 o^LaJI 01 ( _)4 : ^’ J-* '- J l j->Jl j 


J-Lfij N t(l)_^bl Sj-ft ^3 LaA JA 4j t ^-A— ijl 0^"^ cl O^ 1 AjI ijl— J^/l J '' O) 

‘ Cr; l - 4 J 5 " (^JJ i_r~" ^ J ^' 1 ir^' 0 ^ 

N (^JLil c ~Xa.k-.J 1 kjJJ^ t cLUL oj^p La 

'y | 'y ^ “aLs" o i u| <y? *L*j-sP» u jt ‘bb>= * — 1 *y j +& ‘b-J] j£ 

j! a1$0» ^ j^q - i jij . C^ * ! j^iil] ^ j^aJL S-i=>-l j *yj U c^!^ - 

^ • ■> < 3^ i dui ajU^i y>-T 



aoI y$ I4I5 lylji aJ j ■ yJUl cj jJl o j-«xj t LgoshS” .stay t_iyU . oSj.x>*-a 

j»hj| ya) O_ota o£tajL£LwO A^-^Ja jS t Ju 0 _>- JuJl>sJ ^JO’-OJLi t_i y~Jj t l_L>- aJj y» -/3 a j 

oU^-J- yl_p yh(^ ^UiJ Lylo JUU>oJ! IJl* ^-wzjj . 4_L»- yjl oIa y t (quantum 
oL; yj.^ill) matter of the fermion type y yd^l £yJl y iohJI y aFLo oJUOp 
aFa^ Ij ...tV/Y 1 Y / 1 : Phils' lg-™ju J y oJu llu Lw> oU™> y> fermions 
0 j_fc ota 1 1» yd I yiu’i/ I aKa- ^yj 1 (ohj y ydl j ohj ySd)/ I ^y* LgJ <o*~o ^Jl 

. o LjyyhU N I ( y& oL_~~aJI 

olj t plasma b>j*5h yl_p tSsLxJl ^y iJiyy ^»y»oJl olji oh ^Soo y>u 
yl aJIa-j . aJLJI ao>* 0JI oh oUj yhdNl yp aJ jyA o>- yjl OasoJI o>ta oh y^l 
o-LpIaII^ . spin Ovjii cJy>“ aaJ ^ t momentum A^A-^y t aisLIa La-sOao f y>-s 
yjO^ jJLa 0->tj ol yShy N Lol Fa aF>Lp ^ ~ *j 3 . j t ydl pjFU oJuOjaJI AFtajlhb-aJl 

S-Lp olta IFJj . LabO LgOta AsliaJlj olil abylj t lyta aHaFI ( y yhjySd^l 

AsllaJl <—■ *l>-j.a j'ii 1 taj.O*iA t All*_a aJIU a>I ( y iohjy£(Jt>U SyyoJl oNIas-II 

aJLp oLJl jy t oU j ySd^l ^jL«J Oy~ls 1 j*j>uJl ^yJjjJ ^a yiSYj yiSl oOp-Lo 

ydl oh J yhliVl yp tJhL_j • y y* ~-a J_?- yj yi L« yJ! Lfr jjhaj t asL15(J! 

. degenerate aJl>o o>w>I Lyh 1>JI 11a jL J_aO 

A > A > 

OvJ t Pauli’s exclusion principle ohooNl lo-y oUpUJI oJla oyh j 

j»hl y yil j~^J 1 Pauli ji-iLi-iJjj ohyiJl *hyj j»JLp 

yjl yi. lyi-hd! 0 1a jl . degeneracy pressures AJ'^Utl^l d? yLyJh oyj 

• y yhO»l yai-aj y 1 <^aiy 

The Chandrasekhar limit JL>- 

t yjjOxJl 0 yJl ohjjJLp i y t R.H. Fowler jJjh ^0->ejoi 

AshSsJl oOjOO |»y>oJ Ojl y oNh>- ^L>tjN A>OcJl o-La t LS* ya y jhj»*5 yb ^ 

^yl*)h>«j*^l jsL*_yJl oh t c y>o!l 0 j_» ■ l_3^ y - ' Aj LiOo hj y Ij j3j Oi-httJ JL*J 

2jI y ■5h~al y5h>_<Jl yc ol ^-ijh Oyj OaIj . jv^oJl yiLcd Ao^h>«Jl ApyJl 

* > > _ 
osh- oLphoh Si oJ_a J-h o y-J j . olyl o'yh- ^y Ia«-LLi|j t C-U S’ aJlx5” 

hj-il yJl yJy^^J-Jb yAJlh A joy y Lahj c yihoJl lyjjy>ta ya Aj yxL^A Io_>- 




J L >^-3 Ji cLL^ . ^-v*-<>_oJl ^y-^P yJ* ^3 L_>L* LgLli 

. OJ>UJ! L £ y*£> £-Oj i^ iJ> ' *oL«xJ I ^3 o j jj>OoJl LjSLtJ 1 43 LL ^wL*Owv_> s 9 C J-)JL 

. e-LLJl ^I^SVl c>jj£) O j_!Xj L j 

oL jlSJLs IMS' j^SsJ j . oL>- jl5 ^LoVI ^^Lll d)lj £LL*Jl ^Jb JJLL I jSL&j 

' _. > 

. 03 1 y& UL iiLfe 

^Lp l ^-SLoJIj i t yA)\jJLa j j r J> ^gjo_A ^ 3 Li j-^j <. jLSL^IjOjLi ^L>L>1 yjy^ Ijjl»I 

* y y ^ } 

£ JoJ l^->- yb» (jtS I jMSL 4j-dj o ^p-L> (L^° (^5^ J^J L ^LLfcLl o OA ^3 i, \ ^Y* * 

JLJU 4_La_*Ll oLa iljJj ji LSLjj . jJjli jU^j ^3 o j-*3 Jj>- j3 t 0>cJ! ^3 

■ Y,r<\ JSCoJi ^ 

^ __ > ✓ ,, o 

oljjOw^j oL t 3 jJj>i3 ^-s4?^_p ^lg,A4 ^JjJJ oL UJ j . p-LJL M<»-t I ^-L La ^ 

oL i^LoVI ^_>oJi iJL- . pLJI io^pa £ Lj L iL/? i L»jjf ^USjVb JlLL^ 
VI oUj yMJVl »L*olL ^j_SLj V 4_) L LjLoj iJoa ^_4 to^LJl LI » > 1 

^ * i 


I * ' t 

i J j ! . 4 JQ 2 JI ^Jja U_>* t ll)L5^ ^->e»>* ^\ L 3jwL>s_^ 

t 4 -voLaj ^yLp ,w^JI jl JL*- ( _ 5 i doU>- j-fc l^S"j t (jc^° t- 5 -5 ^al^LSVI 

ol |>-J . jJl ^_3 pUJJ OJj>lj Lo-Sj C CjUj jJL^U^/ I oLU (_£ ^JLwv^s *)L3 

o 15 JJaJj . I j-^ 2 _j 4_$” L> t L^jlsLU «-A-jJ-j L« J-Lp <. c^Ljj jjL^JV I 

4_P c— J > ^L j 2 -J J>3 Lo— >t_P>- I ^^>tjJl Cj Lp L) i j ^J-s^?^JLj Ol j-i-iLJj 

. f- j^lII 

i^UJl jlSCsVi <1)1 |>lp ^ t Albert Einstein Jl-SJ j 

jjfc>l ^JiJl L^oL>r-wjl ^i-P aJ^U>c-<>-U t A*J>-I ^oJi J^i! ^Ll>*-> <l)LajJl^ 

( J-ol j3 ^j/. 2— lj>o L^2-tl t dJJAJ 4j>e-JL) ^ . A--»^Ji3LL*_<>J!^ <LuL> y-^-SsJl ^3 4_li _>- \ 

^Vw>i jjz^\ dJjLv^^ . j^S' £jL**JI o ^JL l! ^3 L^^Lp LaLa-^1 l5^ a^J^LuJI ^jA *S ^j>Ji 

J^aiJl °j^\) the special theory of relativity L^UJi ^^jJl ^yjJ oJuJu>Jl 

^y*~A 4^ij ^-jJi ^->cJ I I ji . (aj ^J ajJl 0 ^v^oh>rJ' 

JU J-A-3 iJJj . f'j Jz )' ^-p < — ! j-1j 2_> ^Lp J-^^i 5"^" ^Lvv^>“V! <-*-^«-JL) 

(. 4-x>^>c-^..)l ^>tjj| 4 J \j>- ^3 A^£?L>tJl 4^www»jJl AjjJsj ^Ju>cJL^*j d)l >^_-Aj>t-> Lol ^ L ^ sA i >-\j 

• cPj^ (i (J^J 

3 U-IPI (1)Lj *A->-j La oLp J C aJw3^>oJ 1 cAA ^3 kJl^>«_JL; ^>U 

. ^^lll ^A> J»jj>e-Jl3 c ^UajJl ^3 L-v^JL) oLjl AiltS ^UJ^l 

u_>-j . £ uJu jJ^li 4j>yjo j^_j ^_-j>- j~i j-iLs 

A3 ji V l aJl^J I Jlp- A^j jL t J ./?>E-il A^-J Lr^ L 

^1 dl3^ <iiS* ^0 ^ j £ 1 .xa aIi^nJI -L>- . A-J*A>rji y*-*& i^-j!jl>-\j 

4<^-o-»tji aJlI^JI /. i * — i I >.* i 1 T o " (_s~^^ ^ 

. <-l./i.) ^Ij3l 

J_c-lji (1)1 |«-4~S" t aJLaJ-o t CULj (_5- #1 J 1 0 j-'i-o oJlA C~Jl? 

Uaip .^»j^>«JL5' 3 ^=^ (»L~=rl oUva Sj^ jl microworld JU]| 

a^x>^>iJI ^_-^_o. ll J_j^»Jl jyi-^ L^«J| j 1 ^sjcJl jlSLw~xljJUl*i 

(_s i 1 (J^" jr? 5^^^ (_^AJ-adl ^Uci>-'yi ^Jb ti^LJl <u$jLaJl 

A-~iJ <■ Lo j-^° jJJ i j»Jj <■ ii Jj ia-< J-tfJj c ^ 12 |»Lp 

■'J* 


\ * 0 






/yj wL»JroJl <U3 t jJjJ! ^^3 *Ul £-AJ^J c tj> ^3 l ;_£jJ • ^ ^ ^J^wJl 

d)1 ^Jl iS^jy t iiliS c <^a^a- i >sJI p-j>tjJi ^3 t JlazJI 0^3 clU-LS"j . a-L«Jl 

. 3j-X>»-a*JI Jb y Z~ d \ <l)lSCoJl J£ ^A LoJw^j t^illaJ! O'L^X-^a 


^pjl j-® 4 s-LJlwJI ^Iji'Vi j»^>xj| ^ji 4 1 -La ^JUl aa>- aJuSJI y! jlSj 
Jl^sJ! IJlA jj.2 /» ^>^jl ijl ^1 \a* ijl UxSL»j LoJ^jj . jlSLwaljJjLi Aj^Xa (_5^ 

ji_LJ JjJb>^j (jl ^SL-iJ <_£ jJl LJ l frly^o tal^il IajLlC-Li Uo j_>- j ^j (jl L^iSUj 

<ujJ ^j-Ssj ^J li| jt->^jJl IAa JJla j «■/?■» jj* L«j IAa J l g ■l.’s ^JLJ ^ j^jJI 

' , , j + -y 

jlj-s^l _j ^^aJLft 1 31 i_Sj_~* !-La Jl£ .a <jj ^aLLa-I^ A-J^LauI ia jJo^ 

! Jli ? a~Ls-*J! ajL^jJI aIuij o ^So (jl IaL^^p La ^j£}j ; 

L^i ‘(/r* 1 ASj l J-fi Lr^ ‘i^-A-? u^^ij ‘£Aj £A (AAl JJa* ajj- . . . 


e 


U_iNl 


cH ^ 


cSnj L<kJ 4. 


4jj3 


iUJl 


^lw2j CU-w*- c a3-Jl 3 djl ^ILa jLS ^V* ^li3 


oljj>*l ( JJ>-~Xlj jJjj • - . i^>-l -X>sj oi -Xj-XLP ( j£L<±1*3 t 4 »Lj L*_o ^ I \^a 

Oj^~i tl)J l«^>o 4 J I wliLpl iS^l ‘ L -^- > (^r 4 4jjJjL>t-o 

e. ", > ^ 

. 4^Px-i^2-<>J I ^iail o-X^j 4 5^.-/3jL) ol cJ ^ J>lJ 4joJaJJ O ^jts 4^^.) 





JjL-a t Lg_9L>* ^iJl bb b''"*" J ^ ^**>"1 ^Xjlb IjSbfcj 

aJ Li a _lwwo a_^-& o«-^^ wL^Jj . aJ^^- 1_*->3 o^-^-> bi -Xo N t ^cLL> r . /^ .^ v . 11)) lb_A 

4^X_<iJ>tJl ^L<>Jl>-| (^«x) ^i-JajNl ^3 1 C AJjAJI^ y~*-')l\ ^^i-P ^ Av^>^1> C>>!J 

" " ' fr 

- AjIj i-SXJl i5lUJI 

* ^ f 1 ^ 

jW?j 1 4 — j! j-s< 5 bb* jlSb-bj J-jLi bb I j*?~\ d~jl JJLb t dib |>P^Jl J^lpj 

Chandrasekhar jlSLJjJULi Jb^ cJ^iu a>*ii^I ^JLSI U J*?S\ fjiJl ills' ^Jp Jl^JI 

> „ * * * + ' 

(Jl^_i 01 j . J_ >Jl IJi_a Ciji pL-a-wJI ^l^.aO/1 0 j_S\J! 01 <~. .limit 

. eJlA Jbj^J lOO/l l CjUOs-OOJI 

bJi dus bb ^^L>wL» aJ^ j lg . >^ .^J 1 ^-p d-Lb ^p bl* 

4 ^jj>ejJl oJ^ ^Jl 4 -^.jJL 4^>-La> ^ Lw 2» t ij j^-c^JL! L»j ob* JUaJ 

Oolxpl Jli A^^J a Jl b V di_b 4 -AjLu aJw*_ 3 Ajc^-JaJI ^lp ULp Aj L*_3 jj /^50 ^ 

J J > s + t 

,JJjp aJ^j>cJl> Uj Lb» £jL>[ ^jLl» t bbj^l c^Lo^JJ UjjUtj 

v*i j-J> j^Ip jb- bbl! Jj>cJl Jb-Lo jISL^I jJJLb ^jbJ jb-l J_9 bb* jJ j 

. ^^oLJl ^ ibzJLSl oIa ^ Juj^' i]dA j • black holes *ta j~J\ ^ y£}\ :> y>- 


tAiU*^ jJUJI iXc-JuUl XiJUJl 1^15 j Jj ^ !a^aU XliU LfllS'j ^I^do jl ^ 

XaJU*- aSUJl Mj II *>Up c— IJI p bUi ca^LU j J5 

I fiLwj A- ^-J aJl ^J-L>” jj- 4 J j-iL» j*j£-> 0l -Aj V jU/3-> t <JL>*_a aXS” bU-ii !(»J-XJl ( y^ l_^JJL>- jj> 

. 4jb>x^w L«»j| l^— <»->- 1 ^ o-laT'^ t t _b^ b^oi 

^■J— J_j L_« j-^Jt- j-* isjj-J-W 

^L-blO-t J-T^ ( 'j-t 

oApL»x tiiJwij Ajj w 3^P -AflJ j 

. . b^ <Jaj 

i >, ^ ^ 

. . b^ J*X> ^IjiVlj 



■■c l 
■ • ^yj 


l =»vi olj 




0 ) 


^.A Oi^ 1 0^ Vl 


1 ‘V 




(T) 2bj0k&lft 


Jobiiju LaJux, 


** * T* 

Ljjji jlLu 

t «u5UJl ^w>L»»i ^ j^J^I 0^ ’ ^ 0^ "“^ La 

p-g-LSj t<u£oj^Vl ojIaJ! <uJj ^ ^L>Jl JjLij c Ja^jVl J^JiJl (j^ 

^ ^ jC+G* (^UJl <1)^-4^ i 

! ^\-*3 ciUJlS' 0 ^3 4 j 1 ^ <U-l^P 4j>-^<w <U^*»1 IAa ( Jjfc 

. U c—ijJLS^o tJi^J V ^j*A«Xs (3^ l^^^-Jj 1 ^*JLoJl c— >1 ^j>*Jl,J 

lu£!j o^LJl) 1 *o* fU jj-<J O'? £jLr^ i_^ ‘°j-* ^jl cs^ - ' i -f^* 1 ^ J '^~ *jl 

<Cp j»_^j j^>u (j^SG-fiJi j >_Sj— Jj l j»^jl i^>' ejU ^>ijJj Jij-> N 

. iolS 

LA^5_^u ^J^i. oG> j-i^T" J (0 <Oo!jj>- t 0-> Jj>tJl IJLa> j 

. o j&\ ^^t-uV 

d-wOo <j^ ^3 a^^*j o^l ^ _$" XJ O^ 1 G Oi-^ ^■GSl ' O-LIJl) IwLjJls 

. O jA>\ ^..JL^Sjj 

ciwaJl j^Hill 



3 -fr^ ‘ j-» ^ ^ Cri Lr-* UJI fjii> 

■I you*- so* y>3*iJ ‘ OjS - ir? Lrt i?j~^ 'r '0^' 


cs 4 

ij^ JJ^r* A- M*" “^1 A 


•f U 


aJLj tj Jbjl taLaj 9 a- Jj^LJO- <i*SSi^\ j ol 'O-’-O^eJl OjJu ^ ...—p 


r^ 

3^! c you* Jl y? UJI iSj ^ ^ a '' jj-*j ol y® x *i i luub-^<N 4 j^>-I yl-** J-a>o 
i pL«-*-JI ^ji j laU ^_S"L>tJ! j^isl jyVl uLS" d--.> t JlSjI IO-jL*- jLS^ (_gJLll 3 y . v 2 . i l J-J-il)! 

tJjL*JI_J AaLtO--^! o 3 l>- yP ij ^ 0 jj A-l ^vX>- j} Lo — 5 Ij^LaII aUI yo KjJu ^ AjI yP l£>-Li 

^y .bLiviJl jj> AjLii»-[ t — -*> UIp Ivv ^S-b <jl ^--o'b/l jla./ 3 ) y^J ■ 4l) ;-'^ 7 " 

y- jlS’j . aILaJI pL«_*JI a*sI y° yJi^tv ol a*Lp i*^ 3 >-yj 015 ” JlaLs t^jjJl 1 JL*> .illyl 
jjJal^oVI jlj t oLi^l j aIjJLJI yip -tiL>o ol j^a-aM astrologer ^<_>uu> olv>-l j 
0JJ3 ylp_j c ^L^JS iJl jX>kS\ 0JJ3 a!a>-*]A^ oiw AaJ_j . (^iUip! j*p yl yp 

i 1 1 ^ 1 ^»I_p yo i j y« j*_i! jJl ol . (jL—Jl oUu ^y l aJI lj y^\ yJill ( yl ^Jl y> uJl 

j»_»uJ|8 y^AJ y^Ujj . OU*iO_>tJ| LlvJ yJU ^y C A « * * */3 11 Aj^^baJl y } 1 yJJI ^t-»jLJ1 

^va'S/Lj (. iOjJoJI (OJJ.S y« ^Lo-wJl ^y l. 5 y>- j»« ij^i ijl 8^. AwaJl 

viJJi Jliti i i^jJb>iJl LiUi aV-^Jo! JLjuj t IJ_aLL» 

^ ^ ✓ a y f, 

li y^a LajI*ic-L 0jjl*J! liUj ( JiL« 1 ya^a j ol BjLp y* c\^j • f-L«-^Jl 

' > ' ' * *■ * * 

t*lUo 5 ^ o o_^->tOoJl jl 5 3 ^ w L^ijl jliUl iJLas ajjj ^-*0 ■ 

. f- 1 1 y . . 3 Oj I oOj_ObA> L. .. J ^A^, . .. < 

!^«-AjJ 03 C ( JJj “^-bjo l -^^' l-'-’J p- 3 >s 0 jl ciJUS jLv 2 JlaJj 

( J-JJI JjX?- OlC' ols” La~J t jLgJI fj-s^ ,_yi i<?- > ~ “b-bALiwa l^-AA ^j^“l ^Ij tljL>- 
^>-ljl ^ jl jL^-ll (_K-bA° i 013^9 L>»j!>^j <_5jil 

Aj^j-j 3 35^ 13^1 ol l Jcs* - jV-l^l A^A y jUs LaJCif' ol^- 4 ! ots" Jj 'y t f-L~<JI 

.Su 

oi jL^j ijL>o c 3 waj I ^>oJ| ^ 5 vJj 

^ 1153 -^ OlS P,_yOJl OJJi jl JjIp t (_5 ^ I iy> 

lij ^ aI p ■^rio.l ^ 3r? >»ol JJJI ^yj tLy. o 1 -^' ty^ 

AjI l 5 1 ’^ tl)j*XoJl oL^cjNI . LIj ^ t j^oLp JLjoj t twiUa^Jl A t l g i 



U t j-SJ j . 0) Zeta Tauri in the constellation of the Bull jjJ: J! y ^Ju jL5 

pJl ol_p 

(j^l O ^o*JL) ^ j-i ^ Lljj d- ■■> 4 ^3 lID^ o j ^ JiCjJl llj^j 

Lg-l5wi ^5”.s JuiJj . L^>= J ol lall?- c ■ca_o«JL <u*il o <u-S jl oj ^ •/? !l Lj j . 4^3 

.Crab Nebula OLUj-lJi ^1 l^Ju^ I Jii IJl! j 4 ^Vj—SCLaJl 

p $ / x ^ ^ ^ ^ -* ^ p ^ 

jl Jj N 4jU t lj>- c-J ^la^ 2 _»JI 0 ^glLo talcUxlj 4 “Uj 4 jVl ^1 

<■' * 

+ + * 

. 4jI*JJ Ul*1P i) 

^ Lp ^ ^/ji °JaXSj . ^ y-\ ay SjJLoJl 6j j^?Jl oJ_k ^ t_3 j-~Jj 

" «» — 

. jJUJl !jl>- ^>-1 OU^ 3 (2^° ^ L^ojj 

j^wall JjU f j— j 

I? js.>n-oJl ^Jaj 0 ^»Lp t JL.. L _j— < ^ p-U-jj li 

^Lp ^Jl>- IjJl$-U Ji .ISU^i ^U-U t jJuj^o S jJJ* jl J^Lp JJjJl ^JJi 
/ > 

4_L>La tJl^j ^ j y>v-+ /2- S\ ^ t (3j ° ^ ^ £ 

. ^ jJl l)U*-U 

j/Ni jiUJi ^ ^ si c j^i ^ ^ y r } rj r,r j^slui u,Jj 

^ p ^y* j tpictograph ol^PjsCJL U jj*>j tjjJJL ^1 t j^oJ iUS' 

^3 jJl Owl_A> OJ>j Jij . ( j^JjLJaJl ^jila ^JlSo jl) j I J-J ^J>w2-!l 

_ ^ *• <• ^ ^ p. . 

<31j Ij £>*2*a ^waJl 4 JI 3 • ijLulS* 4^-IaJw^ 

oJ_a t (jLi t d— jIj 4.4 laJL>» t pctro glyph 

> * 

4j>-^-Xj ^*-J S 4jwfl Lo ^3 ^_j l*A_A Us C ^5\J^ - ^^jjJi jJb C ^_UJl 

oU j . l>tA jJ (jj^U U ^iS^I jLSj c d^o <J jl uJU^ j_a U jjwP oLS^ 


. Ajjb^uVi l y — Zetci (^) 

.j^Jl ^ Taurusj -tyj* J-stfl ol .^jjiJi =Tauri 

^5 ^31 oV 1 ^ a-S jiGU t oLJl ^ y>^]\ ^a ap ^>^ 4 ^1 t A-i* j5Jl = j-yJI =Constellation 

jj- • J5 • ^->- V Ap-Ij 




jj /jja C -i-A 0 ^alOajl LLiJl jLL ^~jl ^JnX^j ^Jjoj . V J ^ 

JLi j_a oj _^- aJI o Jjk j £ jZ JL _p| Jlijj . \ • 0 £ j»Lp i ^..'...ai ll /_„5lLaJI 

j jii\ oL.:... ^ tHale Telescope jjlijJI LjiaiJ' »jj-^ y - L ?d J 

• iXr^ 1 


jJLU ciAJi tA y3 3j . l*o* Lo.^,o^a ) ji ^iSCs Loo ^4 Lj jS 0^ i Ay.,rt 1 1 

O' jIop^/1 jJslo liJj-l L« ISlj . l^O> ^jjl (jiVl ^iJJ (J-4-“~d O^" ‘*-^“1 ^ J jv^.ll oHa 

“» »_a! (_jL*-i ijl bJl^aL jli i iy j-iJl jjaVl iy 4j ^ia L^ y> jlS^ <L1 -l> jl Iji^ I jiao 

. J j */2-ll a jjs £ji j>i f ' c Lp 

j-Aj (. ^J^-laLjJ (*_3j jA-aj C Lj.X>- ^-tS"! jA iT^Jja j ^, ^ .1 1 o j_A ^JjLfc-J (1)1 ^Ja 

(Oli oJlA (1 ) j/ C dJUiS - ^a jl I ll)L jJ~o -LiXxj ?o ^A jjl a y_jLaO^-l jl a (wi y*~S>- 

oJLa jJL« fjr? \ _L>o jl £-3 jJoS a j-aJl jli IaJlOj t t j Jj’ o^a (OJljO 

t j» ) )-gL jV-1 JjLLjJl j^ jl £-> £5 jl! jll Oj£j Jj>J . aLilaOkJl jJHj ^ ja ^Jl 

-0=-c_! 1 j^Jlj 1 5j-vUl ^JUI OJj-Jl jUJj Li^lla 1 (O idLLaJL to^Lxil 

. ^awiJl jyl-f- ajJjiJ tgixa*- (_>jJl 

nr 




^ L ; Ll 5 :r,Y JXjlJI 

ijJ J l jLili" AjlJkxLa 

ji *. ^ 1 ' olj iiAjjj L> Jj>- 

. 9> \ * 0 t aLf. 

\ r 



t ^>J! JiOJ :r,r J_£jJ! 

». — a -^ 5 J t*j5l i 4j 1 j djJj>«j! ^L>x^^A 



*>1 J- 


1 — 4'J 




O yi y£L> jJ! ^j-uLiaJI ob 0^5 c ( yJ'^b£jl oL>*->l b>y b^l 

L^JJJ Cjt-^il^l (3 yi ya ^ l J’jb?- <J* Jj^\ \yo-^> j 

ybij C-ol j 4 aJ Aj>-I yA y 4 'j/’jAjk y <j! ci i -lSvlo^ ^yjT *5 1 4 jb^Jlj ^y^Jl 

j'^iiJUS jjL>- ^dLixS” Jj ji ^y> aJ| 


•» v* 

4 Nature 55 yj\ Ji>^Jl ^yJl 5JL*j *WA ^ c O'yy^ C/ 3 ^ ^ <J* 

4 JjjJi 4 yyS Ju jJSj\y jy>^\ J 4 A^JjliJ y~S~^*J ^JiL-*>Lo A^^aj yA yo 4 j5\J y Cj-Jww ^»j3 

^Jy ya 4 <j $ jbtJi ^y ^Jj>«_»>> J ajb a»3 OlS" Ajta j-JLoJi jJajwoJl <j 1 ^yLp b)b & y 

% * m > tff . J 

jl L£li ySb pj 4 j| jt-Pjj . Ibn Butan oU y ^j_) 1 A_<*ww**lj 4 ^IjJcJ ^y>c_^-*-* y~wJs> 

!j y>Z (1)1 (jLoJj>-b LaJlfr* 4 e-bJ^Vl y* Aj y^l^A Jjja <*0\jy> yl Ots” Jlils 4 li jZs>zJ3 L iJ>cJwO 

A^P jv-^o ^y 4 _jLj>- 0^**| O-jJ^ J-3 J . y£ oIJU>-L) 4JL i-*Jjo ^y> j V I yl_P ^y>l j_^Vl 

vi~>- 4 ^ \ Y £ Y ^>Ip 4 Ibn Abi Usaybia 551L3I ^1 ^ I ly ^ U 5J 111 y>-l yJJ 

! <^yP lj -A yip ! y yil]l I J_a 5<>j>-y^> O baJal&a ylL j . ol jj ^15 

^y 3 j ^ .t * y>s_> b°-U-P cljJL«j ^y 5£j 4_L) j'y 1 oJl>-Ij J-iJ 

^UJl ^iiJ 3 <—&-> y>- . o y> r ,^ . LJ £ t *\ ^Lp 4 Gemini *\j ^>Jl 

L oJ_LPj . . 4.^Jg.X,lg.^4.1 1 ^3 ^jLL<kJl Oy\jLfl| (1)1 j_*_) 4 Li jJ A-v--^S" ^3 4 ( j^Aj 3iJ I ij^*jjl 

4"-?^ ty try l/ ^4>Ji il* 

> 

. 1 i o |»Ip Ajja^- y°j y k— 4 l?\j2*~.a)\ 

, > > > > 

4 a \ * o o j)L^o ^ ^ ^ * o i Obs^o \ i ya o yjii\ i i o <j ^j>t_^Jl <c,wJl J^LaJ j 

„ * & S * * > 

o yjdyd\ (Jb-p *X3y . t^jLw yg _]| ^»j>sjJl <j b^.3 wLkbJj yJl ybl j 

. 4^w?l ^y] yA Jy ya JJLil ^y JyJ' c^-^ly J-b»cuJi _a 1 1 o ^ c y> jbcJl 

. A_j y> c_A £, £ *\ A_LwJl ^_A 4 L^_>l^ y-A j->~\ ^y t yj jllJl j) V clbJ^ 

^y p-Li^Jl 4 Li2-w^? *JijU-j>- a»s »*jjU_>J! dU^ 0i j*~*~~*z blS" 01 j y> <jl ^ 

^Lp v (_y (jJJi Jj>cj I J-A j . JyJl ^ J -^^ 0 L y-‘b>sJl b« JJwP 4 JbJl 4 _ Aj yJl 


yb jj-^>.-aJl ^yJl jl <j ^yplj 4 a y"^ y^ J-* 3^ Ijjb b--i 4 y I l y 4 <y y bjl y~s" ( \ ) 

yj>K-& 1-X^>- 1 j~-* jtS" <01 Jj j/ J-^J • Ajli ;yj| jl jj^Ai y-**^ j]\ jL» i y- y y j 4(Jj\yi jb*^j 3 J b*'l 

. 3 . 0 yijJl 


\\i 



^Ip j j t jjLS'Vl Si ^cj jllil £>> jj-flu j* _^-Aj 1 \ * O £ 

\ * ot 

ju*u c j jjJl jS ^3 jl»j I |t-jwL^3 c .ii j»Aj> 

precession ojSLJl jLipNI UJl^I L lil ^SJ j . *ljju>Jl ^ oIj^j ^jI ^4 
<_jJi J-.-3 ^ljj^>xJl ^ jj jlS^ jU^^Jl jli jljj^ j^>c-^>J <b ^kJl 

. Lj ^Aj 


j-S" cijJl>- oJ_aL£uj (J j^>~ oL 4 jLLl>c-^ j^Ls^2_a ij^>\_j Ia_j jJ -t S-A-SLa j 

i^.jr^ J* lij-iJ' u^J tL^I Js OLjLJlj ^-waJl ^ t0) -^j^ 

— «* " - y 

^ya CujjJua Jl >• jj N bLj C jjjl 0 j ^\ Jl i.jLsAj ^3 Lxj ^ol 0 jLs 5j j/?N j 

dUi jiL* jl Jj Nj t iil ijT jh*JI ^ I dLLiJl ^Jlp jlS* JJaJ ^bjjjl {j* jl -d-g-Sl 
jl 4_AuL>- ^_p J C 4jJj^gJl SjUJl ^J_9 V I ^-Lp L 0 jL$jo ^3 J_A j-J> JjS jlS” OJu>dl 

du:> jdifl 5JLS ^jJl dJUS jJ j . monsoon _^JI ^j^Jl J-^ ^ ^JL j 

t O juijjJl ^3 t JuS"jJ( jl5 J . 4u>*jjjJl AujJl jJUj ^Jl jJ ^^Jlj t JJ^Jl ^3 4jjJ-<Jl 
^Ipj . o Ju J l>tJ| i_->X i xJ| ^JjI {m j2 ‘UjLoJLaI ^yi ^S\j 4y<uJjjJl ^_->" t xJl op| J$ ^lp ^U^jI u 
jja O^XaJI jJJ-> L5^I ^ duj^~L« js^* O-J^Aj Jj-b C di-S^ 

. O Jj>tJ| diJJJ ^j>-l ^j>-l j-a ^Jjp ^^>0 ji 

4^jj>Jl IIa j ^ Oj-jjjjVi Jii-i ISUJj ^lUJS J5 ^ LiJjj' (_#-* tlri'j 


> > 

t Jj^A Ju y ^SsJuiJl ^ jL^jJl (J j-flj ^ CuU^ ^4 £2 ^* t: - < ^I ^ -LlO- ^3 4jj ^_*j| j^aJlJLaj ^_P j 
uJ-)IS t JJC-u>“ t <UAj jJl Culj-flZ^Jl jL t o Jj>~ J-S* t j^j jL-^ 

^ S i ■" <* t ^ y s y P ^ 

oJjJl^- ^aI jls Ij^Caj t (JLo^JI *Aj>* 1_«JIj L>-^^^jI j ^s-Sl (j-S- 5 *" ^!L*j <JJI jL> j 

ju j-Ls I j) . L^Au ^aSu ju ^j>A.-/3.j| 4A5 uuo ^1 ^J^jLjC'O ^JL?u L^-jp ju ^ lSIS" 

^j °jlj *A3 j I jJjkj^u jl o^j^^/I ijj-P jj^l 

. jujj>j| IJ^J juJ^>Jl ^Jl^ bj>t>i Js^lLs 


AjLojujIj (jj-» AU^i ttj|jL>-l ^3 C l— > lxS” ^3 O) 

t ^A^Ju a^L>j aLJ _ <d j ^1 — j-ujJI ojb ajIS" t^iT jS ■ cs^d j c j* - j*-ll jJl j^ 0 ^ 1 jj jll 

. ^tjjbJl ^yi Jai-P (jjlj ■ • ((| ^ jj OJJ-^ (U* 42 - 9 ^ p-J t J ji 3^*^ (*j j CAJS ^wLJl Jl_Aj 



The Crab supernova ^jUa jioll j* LULA 


J> ( h ^ jy Ayr iy A c? ^ ‘ ' vr ' f ^ i)\y- <J 
jUibU ^iL _^-w^ ^JjLU I Jjjl WoA j»U .Taurus jji!l j5 

r, ^ I Uj^jj .Mi ^LJ! lJ-4> y*j t » l^ .., .J l ^3 A^JoLJi 

f, * > 

i jjAS- £-^LJl 0 j-iJl la *0 jl ^3 t li-A Jl5Jl9 C LajLoj LJL 3 L^Sj . ^J^dl ^^jJl I i-A 

. OLL ^Ji 01 a — -*>>1 ^a ^xll AJlJaJLi>- c Cr<ib Ncbulci OLL ^-*~JI ^ ^1 

^_>a L<iJo ^Ol A,^ Oa.ll AlX— >j l A^j JJLl I A^JwwyaJi J^I^-Ij ^-Ul A*3 ^_ojj 

{ j^ |^-J cA-<-v<aJl ^->cjJl 0L> 0^-A->b ^-^^-LjlJi 0^3 t dlta 

" " > . *. * * 

0 * * * Up Juui JLwJl IJa j . OLW ^Ul ^J L5^ cll^i ^ Al^b t (JL>cJi 

-* * " , 9 , * 

\ * ^Jj 0 iJLu Jl 5 La Y*b AObLi A-jJl ^A-v%J| £_Lo L^JUj t Lj jJL A-J j.*/? Al^*> 

. A«j j-va ^j**^*> 

1 ^gj j 0^ ^3 A*-w*J 0 j*J*waJl oJL^J> (_£*Dl O^JbcJl cOLta LLiL ^A oJa OU IJ^sAj 

*>LoLp *)LJi3 w ajU JJj>o 01 ^ I La I y j 1 0 j-Lll 

A-j j j-s^JJ o ACS' L Aj /^L>rJo 01 Ala.^>0J 


siu; " 


^jt-^Oa-S I 1 g A.W 01 • o A-LLL i^jloj oi ej Vj£ JuSLjJl Lo^j 

p 5 ^ ^ ^ ^ p p !■ p 

J_fc ^oVl OL Ojj ^0^1 jj liLo ^j^Jj . 0 ll Aii.la.lJ ol 01 J-^ 5*^-^ 0 J J),«.r?.! 

^3 lliajllJl JL3 QLj j).«/?.H ^J La . . . 4 OiJ^ 0L (J^-ij wlj 

Lotj 0 J^x-s# AJliJa C— iL5" LaJJ^. o J J-s<a O-L-iJl J^j . L*_a j^-J j^-J ^-j-iijL>t^a 

^ 0 -; p- ^ 

• LJ^ ImaaO I o j 

t- > » * * ' p . 

j\ 6J J-*A? J g la 7 Lo^XXPj . J-w-x!l lj_A La Ulp A^Ull j J «,r? ll 0[ 

lib . j~LsA^-II ^^JJl (^*^Jl a- y«/i. 1 1 AiaL-*>jj ^Ja^j L^-ili c jj j^ajJl 

AJw^a diJl j*AC*m\ wli O^^J J-SP 2 JI I -La OLs C ^\jLa C Aj J_^a Alwvu bill Lp ^>^j>eJl OiS" 
jj-*^2-<»Jl OiJ^ a-wLp j'^t Oi^* L^p L njj oj j^ .^ /g .,11 Oli ojL^-»^ • LlJ|_ aiJl>-j JU5N 


k— ^ jAj t o-i^-l^j! A ^sJl ^3 I g » la ajL ^ oJI iLj^/sJl ajlOI O ) 

i . JIajCS O _)0j k-jN I 0 jA~£* 

\ n 




L^Jsu La Ll>Ls . ^^.Jl 4 ^J_p j*A-*j L*Lp t ^Lp c,<a ] I 

'jjf^p I LJI k — i j$\ j*j>o j^i ^ b-* L>^ L>j^l jj ^ LJli t L« 6 jj^& ^ (, ^Jul 

( \ ) > v _, i> 

. v^LL ^—SLp *A3 i c \ j^S' 

* 

*C— * 0 . . . ^xXj ^Lp 0 j j y3 ! 1 ^3 ol^J La jLi (J^SlX3 4(jLla Jl ^J*X^a ^ y*~*J 

jj dlls' lSjJl>«JI dlls i ^ ^ ' 0 £ j»Lp i (U_ a . ya 11 O j.'. ..,<?il (_jlj LaJUati . Up Lj jJiJ 

U jJ LLls i ^ _^Jl V", ^ JSLlJl ^J\ Lj^-LaJ La ISI liliiS ’ j . jJUS ^ ^.Lp o • • • JJs ^ jj>- 
t j^/l <uip yfc ^JJl la c_3 y6 jl Lijl La li[j . jMl ^y> ^»Lp o • • * Jji JL>JI aAc- jl5 

• tk j^*' f l* 0 * * * jJa^J o' UJlp jU 


ji Jlpxil ^jl j ^ 4x50 j 1 11x3 j-i-j Jj 4X« Jjo'yi ^_>*xJI j^SlJ j t L>w»-i Ul ja}\ ^_>*xJ! j-i-j -iJ j ( \ ) 

^*> . ^ . 1*jL ULst »L* AXp j-X-^ Uwi l)V! el y {JJ-Ul o«- L 1 ^3 15 Vl^P 


^ w 


a jPxJc . oil ^ ^>eJl 


t L> jJ^Lp (j-P jt-^-aJI J- j^-u l_Jjl -iij Lalj 

^^j>t j ' j~y >x ~i ,y ~ 3 ^ j § ^*->tjJl o * /? 1 1 LoUgp 

' ' >4 " 5 s 

J jjs- 4-L>-t>*Jl oLi^iajJl 4j JwaJJ L«j i Jla J_>*Jl J j^s- oljjJLoJl .J^ l j_a a 
l»l j ^o 1 j-jwLi c supernova a IqpI 1 ~ri b)l j-a ^-jI ^>*JI oli t 

. <_}*}LkP jl>uajl ^jUJl 43^Ap 


tglf |» j^>tJl d)l ^»l i LoUiu«l li-G- (JJUi jlS^ (JjUj y>*jij\ bUj 

*5 Jl ^3 A-gjl-lLo iZ*>\ jI>ul>\ 1) j-SClaJl JLaLG j 

, £ - ,. > 

4-i Oa-b*- 4 j1j i .J jllL ajj ^viJL jj—J ( j5bj 1 L^JlS* aIL. uVl a-L* (JjllXj ( 3 

(jLxj! (1 )LjJl>- t jj j_*_i t j_a j_Jj JLiaJ ."Vjl j— ^'yi (Jlj—Ji i “AG o tJ_>-Lii_3 . <J| J—Jl ^3 

JuLi oJjj . Milky Way Galaxy Allldl \y=^ <■ Cr^ ^ iOLg_>Lli 

JOuj . ^ oVi ^»Ip tjl-iipi \ yy~^~j> Tycho Brahe yALLil 



jjJu yaL ^1 ijL. h-y^A t Milky Way Galaxy iLUl ^ ^ ;y^> ib : >. 5l :T,o JibiJl 
J Lr^ ^ ^ Cr^j ■ c ''£j a l / jGr-o ^y> J, JSLi ^Js- l yai* t ^ 

G^p *byj aC ^ jA S - £— Jl akj oj . S - — i IjLl-a ^ .. r, jJl ^ y c -oil 4il>- 

Jylp ^-aJ aJai ^ ji l iy^J\ 'S y> yJjji jlh-C-i yt — Uj hlLA 0>Sb Jij . Lj V • • • ’ 

jU 4 ^3 44--.ll oL*Jl yA ^_>-bJ1 ^aaL^-all/l l — -— AJ .^1a tB AjaiJl5’ 4 yayiil yA JOuVl 

^ ill» GyiJl — Jl ,jSl!j .S ^a l fJjj M ai ol^*— a — *Jl oJu jh 

■ b ‘ ' "" ' ^J-Jj i)j£j > — - y^ '-A a 1 a. 4 I^j-LaLJwO y^A^j 4—3 J - - 4 A 


j-» . — — — » J l ji 4 y>* i : J l |*a>dJL Gy«-; jL^ 3 G G^P (a-^ 2 -’ 4jpj 4_bJL>Jl 1 1—9 y>- 4Nova LaIS 


( \ ) 



AS ajI-L ^jl_«Jl oApL***s -LaL^» (. ^ \ 1 % t ^Ip t xjJLp Aj^kj 

jJJi 'JA ^-ILp! £\ IaUJ jJ J . yA j^kp I I^~x~p> (.Johannes Kepler 

j . (« \ "l * ^ ^»Ip) 1JJJL4 JI ^-Lp (i > ^SkJxJQ 1 ili^oJl ^lJu-vLw-l -h-Aj Jj t 

<JlJi 3 j j ^5 J-S" (J-La-oj ^5 ^<>-k*Jl ja~»Jl jl 1 _ 5 ~*j V i-ilk 

n-zA iiJjl*_<JI ^yi 1 Ay>z-4 ^yi i [jjdj>- yA\ L^jL JJix*_> ^ t jLojJl yc 

4_*_^Li SJ^x^Jl oij tV^o JiLiJl ^3 Liw?jl Loij . Lo^jL) LoLp ^j-i-p Ji J^-Ij 

iiJi Ja ,^o jli c <U^Ls4* * ,*1 ji-JL) (*£ l ^ j Uljwd 1 « /? 1 1 j^/j t cii jJpVI 

ji L^i»jj liijsi ^1 iitAiil oLxJajJl cj\ o\ . LupI t ^ r P ^ y>*s>^ oi 

. ^yA lia *y>iJ\ iita ^ oJ: >~j 

J *■ ^Lp JS' ^3 d^L^-aJaP- djl O wLaLJL^ d-w<>-> U-fli-3 l till 3 ( \a ^y_P j]\ ^J-Pj| 

O l_3 Iji^Aj . ‘U.XPxJ^I jS >* Ji C ^Lp Ji ^3 I. — 2 j^KJ 

JiJj j • ^ ^AV 4j^o ^3 JuiLio Lg_L^ Jj>-I j cjjl jli 1987 A ^ pj I J*-~*JL~w<>Ji 

. -X*j Lo^3 t lIj! jJL> ^.JaP j 1 lift Jj^il 

?p^>dl >^J ISU : Ji>Jl jJl 6N1 

cLSMojUI j* j^ku j P^uu 

s. fc - ^ a ^»wmhL> ^ c ^ *"1 % ^Lp 1 4j Li ^^3 c Kepler ^J-i aX^J 

U-li j_^j jlS supernova ^iip^l jL cDe Stella Nova 

! 4jLj aJu^ 5 J Lo ^Jk3 Jl3 j . ^3 o^Lil otu«v>J 

cxij t ( j-wwa v yL p-LXaJI ^Jl_ c^p3 xJLU «. jj c^lj t ^y^LsxJl (j^-^ • • • 

J3 jJ j! jJw *) ! cJ^j . ^ail j-« ^lll 4-laJ-cil C— )ij t 4jllSsJ! ( \a LXa^j 

t p-LJI C-*l jb-$J t jtUl o lw - > j t Jjljjlj C .✓? d It {jA * . /? a. 1 1 jUs> 

Jw*_d_>j 1 1 ^J>-1 OXj>hj JjaJU t. Aj ^3 f \ ^-^31 ^ t ^a-Jl ^jI j-^j t C-ojJlj t jiJlj 

oJb jJ 0 jio l frillj t ^-*-1^ ’ ^U-ww>~ ^XLjL >-1 j . 01 t 

. ^lLaJL«i 

p p 

^XJlj j j^-i-ll 4j>t«JUi c 4XjJj>tJi Aj j j-*^> ^3 t LiXj .^_la_P i 1 1 j[ 

<Ii3L>txJl jj-f' Ij^lS ^ LoOJLP ^Jl L^J-yaj a\s>- ja tioL>t-s^2Jl 

' > ** 

?4jL>il oU-A LtjJ C_ii C J . 4jjl JJ jj-p 



y t i _ r ^iJLS' tred giant star ( 3 ^U-*JI <UL>- y U-iiU JjJ 

^^j>~ j j JL>LgJl j_3 j v-LaJJL«-*» i -\j 0^j>o LoJJ^-P L^-*_Lu aJL>- j c J_>LJI 

I j -A JP J Jj>- tl)l L Jj>-J Jjjj J . ^sl^jl ^LoJjl J-k J C ^>“1 ^ I (J jj>cjj 

>w3 v )L*Jl c^IjLp jLxjolj ^^yiJ * a3'}Lp ^-Li^l ^1 \S^yi i~P 

<1)1 (^p| I*-* cS^Jhi J ^ la..,^> ojl A^>-j^ ^Jl ^>-jL>sJI 

"" -' «» ' f. 0 * 

. \j\ y^\ ^j-Sdj LoJ>t>- 

L)l -A_*J p->rjJl aJL>* *1 llj^J t aJ J>- ^-O-ll ojjs ^jjO £ljjol A«/2 A l! oJla £jllj ^ 

k_3 . ^LaJj^l A^L^S' ^3 C aLS” ^3 ^j->" ^ j}.*.L^Jl wL< 2 JJU^j| JjS 

{ j^ L ^-J ^ ^J^JI LLjLp^s t l) ^jjL$UI ^J_p jNl aJw* ^.^Jl 

t 7» * ^ 

P^ orTJjAlM iy *^3*^\-P <la^>tj qjjPj I c A>-LaJj| |*-jJ-> /^>- ^1l>o Lo-} Aj 
aLwJL) _L>tJ ^^>rjJl O^S l ^ j l! ^jA Aj J J r >T^o ^>L-^u La Aj jJ J-XJ 1)^ J • <Oj 

• “y* cy bijr^ py y tjp °y 

Sjl jj>Jl <y-j3 C-Ja3 L>- ( _ J Jl j-o-il iiUaJl JwJjj <uJ^>_p uL 

« j ^ 

*j-£'^- J ‘-^•^ ^ Ji3L>tJ ^- J i «il t ^_>tjJl ^3 .‘^JUji JgL^-ygJl J 

iiLw* 'V t 43 U 2 JI j-Ls/^./Q *1 — £L3 yPy • A^oi JJi l^:^oL>- 0 j_3 4_>sjLJl ^ c ^J-^-ijlJi j_>t j 

> " , 


, JbJj^ 


^^LwJt 1 >uJI <y^ :r,*\ JiLJLJI 

l_5^ £-i-JJ COLi--l? i^^Lj 

<S^S> Jlj t O-a ^Jj»-|jJl 

L^lj 




+ Energy 



+ 


82 


Helium 



Lo-^-P-La Jul 4 juj 1 yip ^ L »JwJ (, \ Y jl 1 *> i . Y* jV 

j^Jlp oUj jj yJ! hj Li; t AJi«Xa y>\jz yip _^-Jl ^JaJj . \ "l _ * s! 

. <PxJSi jl -Vl y* p>bJi yj>L«J Lo 4illaJl ya J^Pxj oj-A <jj • Ap“^l4^ y\jS Jj>Li 

I JLo ^ J,./2.jJ 4 4j y>r~^ jJlSI 4 A I A i iww^J t j*->jJ! J-* ^1 

> ■<• >* 

^ I ^jjj i j5” ^oJl ^3 jjjjlS-Jl (_$ j-> J-pLiJl \jj* <—jJss>zjj . J_jJ_>- J-pIpj 

^ f, f £. ^ ^ p y 

^JSvjJl) i \^>T-^£ J j/ I iiljJ 1 _yAj t 1-ili^ ( j^ jVjIJ- j-S"I ( _y A oljj *j ■, <?' Lvijl Oj^J-ttJl 

. (r,v 

3 P ( P > P ~ > 

J^j-Sv-o—i AiUaJJ J_>J_>- j_L»^ 2 _a JjjJj d)l ( L 1 Ij (. LgJjlj . jUI ij“>C J-pLdjJl l-J-^Jj 

j»_»*jJl y£ j-/> 4j| (. L^lj j . oJjIj Of-l—rfsl j o.S_L>iJL<i oj-Lj (jl t j-« jY_>cjJl 

^ iJlS^jl Js jjwiJl J'jU>- t <WiLij °^jji ^ i^l 1 l^- 4 Z~~o 

(_3 ■ (JjJi jj» ji^l J^Jl ^ 5 - 0 -?'--^ i — l 4-jl ( U_gjJUj . ^-PxjJl Jj’-I.i 

c r j A I t ^3 ^yj U 5 y . _ j r^ ^ i ' c*~^~ j>Xwww»)j t A^-4 -a>^_> ■? t 2-3^L*-3l 

■jdj 'p\ c^lj JjIpSII C J fi> ^ J«-S»*JI (j Ls 

^ * + 0 * 

^oL*_<kJ 4-J-P Lo t ^_>rjJJ C — o J-P ^ ^ jZsAj 

(„ ) I 3 t cj ^Uj ^ i L^»a^p loL t. *j ^ )l^ « <k**a Jl \**j 

$ y\ j++&j jl>JI jl ciUi ( y& <• l-^l iyt ® jt 

ojl^^sjl (_) l_<iwt^e>tJ 1 (^jj.t o .1 . '' ^t^^l ^^jLJI > % ■ *.v.^gJ I « ■ ii , ~? ( (3*^ 

t t j t t 

ijJ-Lt^ J*jA— =»- ( ^jl_i j^>t_L) l_Li-L^i i_o_^t_i l.g ; a ( ij ^Xi ~kjy>p-s J J- V? -i J 

1 ^jUl j*-^tJl ^LJl (j>= (J-a~-* ‘-j j-- ojlj^xJl (jl-i (jr*^ • • (Jt^j^ 

jL J_>t_i 4jLi 1 dJLi ^JaJl cJl^j iiLk jUJl jv^-Jl JLajij LoJLLp . jA_j«_s O^L>^j Lo 
4 j<jJu “Uj^IjtJI oljJ (j Ls 111 j l C~vijt>sjl ji 4_3 4_Jj^|jJl Jg J^,^3.ll 
t °J~ a ^ j ■ ■ ^ 1 |*_>*jJl (jls ( SjL>Jl 0 Ji_A ^- J 

Lj|« . Al*S/l ( 


\T ^ 




4_L*j>oj t O .LjJwaJl *_3 jj La jjSsj 4 43 Up ^jUl L)U lUjUJlS'j 

^«/2j ^_>ejJl tjU 4 £-*'*' L-— JJ 4 4JL>xJl oJjfe {^J - Ojl ^ ^ L>- £■*■*' 

J>jUl 4 4 j ^J>«jJ! <l)li 4 ^>-1 SjL*-> J . ^Jl- 3 ^j - 0 

1 t > 

! ^Sjjl 

Lg->ta cJl^->“Vi 4 *l^_L<>_*J! oLj>JI ^3 4 ^J»^ 2 ->s-j L )1 Lll^w 'y LljI ^_pjj 

i3L>- ^3 LgJw« 4 — * yJL> LJU 4 Aj^SLflJl <liSj ^Js> IaLliL^j 

j^ 5"I jS" j-<dl ^w2j U*JwOj 4 ^ix-Jl L^-v2-*-> p~A ^JlP Uo_& 4-3*)Lpj t^J-3 jl> 

. ^jj| v 1 0^3 4 Owb J lp- 4JLp- J^ a JlS" ^3 4j y>x*» 

OjIjj i]L>- LoJli ^yLaJ <_s~^ ioilpJl Sji 1 ~~*~ J ‘ t< -jjjJl ii_yJL Si IJl» 

. 1 _ r — oUitJt J-^iaJI ^j> tdlii jj -a ^ j& 1 t 4~oL>JJ IjLI ( JLshj i_ij^Jj . jy-?^JI 


Z <jl i/\ i<ll jj^oLudl Joo| 

t (_ 5 jJ’-l » 3 -^ ‘ JI_^-~Jl Ll^_>-Ijj l_Sj_~J-S t 0 JjJajj 4 -J J_JLJ jy_>tjJl IjJLP jJ 

y^~>- y\ j^J <JLlJ.i ijl YiL)_^jl^Jl 1 jij -IaIj L>A 1 p ujJ?u t^j-Sl L° • *>^-T |»l *}L»-U>j 
y~^\ _^® 1 (Sy~^ ° 4 J^iu»vo il) Li t liJJi l» i^lj ■ 1— iU3.tt.ll 

L«-jj ‘ SJ^ y*~ jI -^yj 1 °j^ y* i_; a '^~j i»j 

nGon o^J-Sl J c ^ Si ^-j^s^S'j'yi Jj*x£.) a ^Jl lj_^ ( ^j ■ y *~ I ^ .-> r ^ tI 

iilis t y? <• jy^-tj ■ IfJl y y i y ^y Y • ^.Lp 4jji ^ y^J ^JJl 


Ja L, j>t— ^ ^ la j ! 

I A_a (H - R diagram) j & 

£y3 ^PV-ljl (jl 

. ^ g 0U0L ^ j^iJI 



Surface temperature 



iS ^ ^ ^ 

bb <U_b>»*J| oIa A^J1>- y^o~>jJl ^yl-P Ij^LS y>*H U j-A^j t 4yLvS>l 

. j 4> \a\ap^a ^y t yS'U ^1 t 4jaJb_*Jl £y J jl yLp ^-bb yxJl 

3 JLP 3bjyj tJJLlj ^JjIj I (_£ jj y^u yl C->^\»plUl ib*l*^ bjjJ j « -/3 i 

LJ'V c Jy yo o-jI S yJl Si yJl ^y 4_1 p oil Up L*jjI t bJb Bly (Jl ^y <■ yjb»_^w>«Jl 

_ ** ( 9 > > 

ol _^X j ^LoJ-iNl JjAs- (j-j CjU~-> £-jjI taj^ J“> t_y* 1 1 - j L wa 1 

t ( Y ' ) j yA t ( \ "0 ^jCy^S jl c O Y ) j ^jjlS" ■ jjl'S/lS' <■ AAj^laJl a-i-^J l Aj ^S ojl ^vaL*Jl 

jJL, *— L“ * a! jJ ^a j . I^>- jiJ-Aj i (T Y) c-j ^~ 5 t ( Y A) j t ( Y O 

VjJ\ liy£ ^jJL^Jl at jJ jV dllii' ya j t alpha - particle ladder UJl 

. alpha particle liil IajLipL 

j la - 1 1 ^jj«_«jJLs . Ajj yj| abyilt ^j-o-Sj 1 A jAxJl jl ? £-jl^lil I aA> 'y>i L-o j^Ca Jjlj_J 

. ^yi*ll yl| sl yJl ydl oyiJl ^3 

LaIJ-* ySbij t 4_j j_3 5_oL>- oy ^A t JjbJl Jw2-JlJl ^y lljlj b»-5*J t Oj_iJl oIa (jl 

. y*Jl yo *y>- O jJu j ^la by- l 4y>by>jJl (Jly>-Vl y t £-bj <jl il tljj>- ^w23 

£l yj J-o-’J yJl ylyf£Jl ybJi By y* I ^ t ^xJl 11 a Ji^b c o y j 

** - ^ ** " i 

c I AjI*-\-j f ^3 ^-*b t I p-Ij ^5 IhA^j 1 j b la-XJ"^ . ^ 3 

^Jlp Jaii ^ Ajj yJl i_Jwt><Jl ay 0*^ t j-^^J yU jjjjjj Cj^ijyyy i * .a.. , 0i jl 

. LvojI LgJy yo AjJj lySdj o^wi^Jl t | y 3[ ^iS^I cjL>-^~>- Ailyl 
yJl t yS"lj j-^l ojj y>- Jli>-^j_j i ; -A = r tolyJ! aj |*_yj ydJl i — a . .,<? j j 

jl y A_^»-Jl y> 1 jjbj . jl yyJl jjAia y JZ'^l 1 j J— a yj| iillaJl Ojy>*J> 

jl j/ jU^ y>sj_^ . ^i->cJl ^ySiyj ^yo C o^^a-^aJl ol yJb V ^*^1 d^La^-»*a>- 

ySI lAjLiccI Jup L^-Sj-oLaj jlais lJuJ 5 Ajjjial j^aY/l jl UJii-aj . Jj'yi yll 
^IjUaXa hj>- LoJlIp a^JUj jlJusi ^jjL>mJI yLw>*Jl IJLj jl j\ t^»j*>lJl 

j-«_Ssj LaJlLP t l_Ajl tl) I .JL.A3 ^y I JwO b> J-LP ojUl ol dJ-L^3 C l-L?>- 

1 1 Jl>- 3jJ->«-a oLw*j>Jl ^j-o By (S~^ bj • bUU jb-w« dlb-Aj . I j^S 

yp bbby^j t— 3 l ^ y>-*Vl BJu>-l ji\ I ~L>- bb. 15 L. lilj 

y bJl bfH l 5 vj^U jjjjj Ailyl jl cUU . (_g L«Ji|jla-l > 

. ol yJl Jaal y yo t «jwaj Lo yAj i Lj-J y5JNl 



oi cl) ol d) L 3 t 0 .)Op «>rt 1 Lo-U-O t Io^Iaj 


oOjOj>*JI oi ^ jJI o! di-ta . v — > I i^Jl 4-^i-^i *oi 9 

^ / 

(Jt>^i*- 43 Up ^p2-oi>tJ ^.Lp ^*->oJl jjJj t l^-J-P C-olS” ^ijl OjJjJU L*^» viU-uLOo 

j-jCj j+->oJI ilULo Oi v — i^S" V, ^ J-SloJl . ^LoJuNl jL^o ^-p ^£51 ^oJlUl 

• Ji ^3d Ail .^5lj 3^1 


O-L j_SUij 0_>0j>cJl ^_A oO-A IpLOjNI 4-A-3 oljJ-Jl ^_3 ^_A (_£ jJLllj 

. 1 iiUaJl L° 4 (j-jjJaJl <jL^j (J-^j oi ^_>oJl o^-SU Llaj . J^SloJlj 

c j->» oO-P jl 0-3 ^->tOJl jJ> ^ j 9 Oji j-^x_Ji 4_>-j.) 0 j_^_> c iiU 0_0 P j 

(_£ oil Laj . J^lsiJl iO-^j L^-IjOj 1 ^ 0 ^ j-^i 3 Up jO^/p.^ ^j-4 iJljjb 0 -^j j*J . coL>“jOJ! 

rt * * 

: OjO*j cOOpu *3 y+sJ 


t j_o-3 c ^ *\ A 1 ^Lp c /j-lfsLU lr^J^d3^ J 3 dr 4 J'j—Ji Ioa y* o2J 

C d-Oj^-jLaj ^ ^_3j^>- jt-A pNj-A 1)15 . ^jL^Slli j-^lOpJi 

cLLL> O 0-UjOjI l)i <t->0^- <. — 1 LsS . ^_A 0 ^jJ U*> ^jj) <Jljp~Jl 1)1^0 • Oj Jby t jJjli 

L.*.^ +■*> g -Aj 1)1 J_Aj ? 43 LaO>u ^iJl j -3 iO-*Jl ^jA LglS' 



(J j .,<? >01 |*jo 1 5jUl si ^3 cJpLJjV! 0 j3 *l<o iji 10 a 

. oljJl ^3 A^^S>~ 0 ^ t JjJpxJl \s> y^s>^A ^y]| Hi yjj L<iJ^»C- l-^-ip 



jj J-iLj ^J_P y<2 ->s-> (1)1 4 A-^^ijLil I .-0& LJL^-i I (_j^->- LJ A_iV 

^ x „ •» 

* ^ A - ^ . 1 | I 0^3 C ^ t C -s-J^.-- ^ I I Lt-j^S^-U l_-_^-.-,w 

jij) jjj jhSjuJI ;ii JOJj . (^liH J-aaJI ^JaJl) spectroscopy i^ilLJl -L-Ija ^ ja 
Ojj% bi ^aj i j^jLw! y> ^_ij jpJl <L~j t B 2 F H L*-* j ji jxj Uj ^ 3 
'b/ yAJ t Os j-> jtJLlJ! oU-jJb A^i| AjLjis JpLu~oL) (YjF't J^-LiJl ^ L*>i 

djliLv^l *> ■ ^ i j ^ytJj At « L .JS j A*j oL.L-jJ 1 jL» 1 j j g b\ ^ g ji l . ^ . S . wLjJj>cJI ^Jj 
i . a ./? a il j i iw— a JU15 JJLjI aIaj c5 J J-' <-)l Lg-lN t>L>olj oljj jJ ^-jJJ 


s f. t ^ . - fr ,, > 

. /» ^>oJJ A^Ub Aj| J^j>cj ^ C-^LJ^^Jl o0j& d)l ^-Pj <■ i^>* <■ ^ ^-jIj ^-J l^ 

■i* 

An anthropic consideration a-JL— J( S ^ii) 

ol JJ jljU (_£ J JA>- JJ LjJ Jj (J-iJ-* "Aj^j jl l i *S (JjLJI ( J>-,r? e Si LjLnA’J 

J'Ai- JyCs^-jj JLjl-^Jl oi A jLa-»I ^ jJl ^*j>tAji aJL^- jl5 La-lxp t j ^ jj15sJI 


aJI c 


t aJU>J| oJl* J-L^ ^ jj>- j ^3 


awwJ I j . *Xj ^ I >S~<±S' 

^ is>y 4^^ resonant fusion olJj ^L>Jul ojl>cj ol Jaii Ujox- 

■>* >5 

4 4 jj^ ^r 4 4^^ a^L ^ j^*j ^' }) 

I j-* i — j . Lwwsvo j^U JUjl^I Lx->j ^ j-^J. ^ g. H ^_9 *>Vj oLS4>| oV 

Au-g^j>- ol . aJLL<>_*J| aJU>- JJ^L, jij t Aj>vJbjj ^3 j^JLa^j ol t J-pLijJl 

. A^UaiU oJ^ 5" A-si^P (1)1 &JJ ^-yaJlj Ou A3^\^P ^ 

V (1)1 j-Oj ^ i^ t ^-oji>tJi dUjj ^l^aU ^ cJ^o^ 5 ois* ^y> ^ 

^ B ^ ^ ** ^ S s * 

t. Ll*JI oJLft jj^ {j* Li JJU tJj . ( ^>t^^S’j'!iIIj j jjjLSCJIS ^ A_lj 

Aji-i*- (l)li . L^5 ^*j ( _ytj| oL^Jl ciilj 3y>-j ^JlP ^y3 t, 5 jJl (^jLxJli 

tlsH il) j-S\j jl i_5jj j-AJ I ^ (J-*^ 1 ^ 4 il) j^jI 4 ^Oww-Jl ^IP^J 4 

x ^ (. 

. L?- jZa^j Ij j ^jjlSvJ! 


<■• J -v 4 V; ^j-vMI Jn -% i (_£ jJI La 

A_^Jj| j^_5j y jLi c .Aj -X>tJ| ^-s^L^P ^Jo t IJlSs-4>j 

j tT, 'i • JjjjJl ^ Ul^ ^l t onion-skin Jw^J 1 oLiJ® j' j ( _ r ^> 

. <-A-jl>j! OlijAjj! <— 4A-VI ^-/sltjlJlj isj^ JuJL>Jl A_p ^vsltjj 




La JAP t A-L^Jl l_ ^ I UJ* SJlP A^S” dib^J 1 T, ^ 

s-j (J *yj>- ^jA L (_£ j-Lil ^-'-v £3 4_L»- jJ* AjI_£_> AS Oj&j 

. Ala LjljAoJl olfl^iJl v_-fi>-'yi3 ». Os*~ ^ I {_£ ^Jl 


i jl~~~><Jl C-_L>0 ji oJjwb>- \y* I j-C- il) "i/ t oij->-j ^j-a i>- ^>- 4-L>- ^a ^L JjjJ 

f j f, y 

■ y^k j' i_Ar*i ol yj£ o! t^SA J-aly> 

(jli 4 L ^-g-P Ia^»l j 1 ^Jl LAjLo La LLd . Lj 4-LU^ <u J Lj oi A-oLgJl 

0 0 0 £ p ^ p 

^L*-> ! Jc>- Lj J u J J^j L)L . 4 J jJL*^o AjA^- LjIjjI ^Lp aJsjIx^JL Li L pLI?I 

. ci-U^ L^i ^ j~*A 1 ]ouk«^S ^LiJjjl ^jJLa 4 L-*pLg-U ill,... (3 > j-*-> tiLi 

4^gj>cJljJ <U^L^jl ^jLgA-il plj->“lj oAjljJl ^jA Oj-LLflJ ^LJl {jA P*}\JL *JI uU iJJj 

£. ^ f* ^ y ft ^ ^ ft ^ 

dLJ jl La! . La*^ Cx? oL^ !a-*L**j L)N N Lgj^>~l ^1S1 o ~^a ^ *Lj1aj«J1 

. ^^^gJl OJ^gJl jj-^A ** ^><LJ1 I ^*3Aj jl Lp 4»^>" Ajl3 4 c^UAj o^°_^LL 

• Lo^-flj ^ w aMuJ I A^L^S' i. 3 L» w? 1 A-^*>^ ( ^_L I ^-&a ^ J I ^j . L ^J A^^ 4 <JJa5 4 A.^* 


LgJ jLi l aJL>- J *}L>- t Ju>Jl IJla jji ( _ 5 ^l LjIj 

L>wjJu ^ ^J>ijjl oJlA 4 2 JJLj . I— J 1-Loi J t C-*! olu>-j t 

Lj^jj . ^j^-juJI L^IjLL) ^1 o L=>~ jl 5 l oLlL- L^j^p o *\y>-\j 

^ ^ 

. planetary nebula ^5U! ^jlUL)) UJU U ULp ^ j coins' UU V, ^ ^ J5UJI 

( J-J f-Lyjj L^_i > y l C 1 < ~ ■ *. ) A-lUt-vSl A-JL J LgJ^ t C— a— I | _ 5 - a j 

.jLUl eU^Jl lu4 UU fMl 

JJU ^ ^^Ul. i»i» smoke rings «aJU-jJI oliI>Jl» Uii JU>- 

ijl AjlSU ^3 ij^So t_j j—U lA-jlS-Jl U jjJl. Alll^ /^a jjSUj La i J> I ^ . AxllS 

U .« •>■ t jpL—Jl ^J-^jiiil aJUJI oJ_a U LjU jJj . . il ^jj> 1 U> 

t iJl aIU ^ ^ '/• £ * i ^JjLU a>- ^>«J l 4_Lx5CJt j^- (jl Li J->- j 

t UAjI t Cs4r~t ^ j-£U US' . Chandrasekhar limit jLSU-l jJULi JbU U^U 

£-U ol ^SU L> jjk j t neutron star j ^ ^Ul j^jUL U 3J0 _}i-T ulsC° JSU j^Lo 

• /? d 1 1 ^ ( J™A2 jUI j4AJ Uj y 4a>-Ijj i_j J-Uj . ^»~<>_JLjl aJU ^Oj Ja>- 

.oiaJi 




. Lo_> 1 ^ ^ij jj ^1 pA>Ui ^1 6 S/i u^u j^>Uj 



aUUJI L, jl- : r, U JiUJI 
. The Ring Nebula 


UV 



^Jl £_L >_j l 4J5 VL^o-P j 15 La JlX_P A^>- ^_>Jl 4^ I Aj>- d^j^L>c-> 

. 4_LS” 

■>■ f * * * i 

. ^ ^pxJl oJjb JliLol jJallj !.-l>- LL/?Ip VLJalww* L)l 


The triggering of supernova ^da^VI 


UlLlUaJI jJL^ij 


^\gj| to ^3 t a_>-l^ .sLajjl^I oi L^_S^j 
<L>-j 3 ^jSLJj • ^5 _/>-! ® jS j» ^ya\jCj tiL)j^3 t ^^1^-ijJi jS j-<Jt 

^Jl_ <u^jJL lil . I Jj Jl>- L^-Lojul VLpLij j^wLJ t c-43 j^JI tiJUJl jS ^Jl ojl ^>- 

wL*_!> jt-J <-oLSs->s^/l dlL L)Li t jlSL^IjJ^Li *l>- 4jlLi_^ jjL>«_1j I 

J -*_> \ jJb La ^5^1 ^LaUJ*Vlj ^*51 ^-sLL? *V 4 j 13 t 0*)1\ L»lj Lo-S'j . o£jS>-ys 

j-s^Ixp O Li t j^-pxjJl ^2 -Li!o L<>Jwoj t ciLta y 0 Jjj . <Lp ^-<>j>b_4 ^s^Ixp ^ 

oL jJj jJ SiU^l t ^ ^ j-> 4 J jj>tJLa (_ 5 0 j-a OJLaIj J^jJj>tJl 4_P J_^j>t_^j 

t 4jjl jlJ ^_>fcJl oUl~ci ^jjO jAjj . jj j-<Jl ^ iiLlaJJ Ol“LL3 ^Jl Aj^yoj t 0 y>- oL j ^JJ 

" > 4 i 

. ^oJl ( jaLaj •cJLg.p <uL»jt5i oJuk 0^3 

. core collapse j5 ^^JlJ jL-^-il <>\ t \ s JLe- t ULp c £>^JI Jili ^1 jLl^j 

^^^1 ia-K../jll ^-Jlj jU t ^S" . L^sjI < 9*>ViJl ^Lp 0 >‘l JlUJJ j 

. All t a)Jo JjO I-Lj l jJz~i'j1\ oUjIj (_sJJI ijJJU AjUL«J| 

<j jS<j ^j[jjj^}y\ o ^ jjl>- ^ t (j*>vpx«ws ,v i/i jt t(j'>u>tjVi Jjijijj 

Lfi-fl— " j3 £j/b„ij . I 4 ^Uu JyJl JgLx ./J.) N I OwbJuv 

^yj C l g .,<? «-l {jA L_l jJ Lg-k,^-y3 ( J^*J l _y^-!l A_i Lia_U 2 (_5 ^L~o_lJ t ‘-C-lllj jZSUy I 

■ > l * “ s 

(J*>V>tj'y! LiCj C ^ lj ,P V I ^ jA aJL>- ^y3 t IjJSj . j»->ii>- (_^l 

4 f. f. * * 

0 1a ^ Lj (jjl ^ iyt ^iy 

(CdLj jJjjjj >C->Lij jJ J_w) t J*_>tjj| jy ^y3 t Ju Jusxjl ip j-^J>t-A j^£ j-j OCjIj ijl 

^ > A p. _)l 

t oli jAaj ^yj JJ^>cJLi 4 j| t ^yV’jV! j-liwJ! ^yi Oj j-lll ^jJb Nj . o^>- 

jli IjJj . antinutrino y^y jy]\ JuAj j tLyjj t U j 


t Jl>*Jl ^ t 4jb Judlxj j . jl I aJL>- y *Sz£ V AjIj oUl y (I, jJJ y ^ ) 
j N oL<p^^j>>Jl pU^j pL*J»p (jl Vl . » ^«/aJl L®jI^ 4 JI 1 1 juI *l>-I jJl JlUo V 



ol yi C I (j!^J>“Vl ^3 Jl j-»*A>cJlj ^-**-*-1 

^J_pL (u JljJo*-> t 3 ^ j-oJl jL^jj L^JJwP^ . Lia a*JL-J 1 S^HJl l — '~y~~~l *■ 0 j^l 

\y* L yji 3 I t 4 -JLp AilJLS” iX>b \^J%> j^-Lp ^-*-11 01 . 0 _j cJObtjV 

S*y>- olj Jjjy ^J-P lO-A I^C, yis>yj t (^jljJl ^j., v3„fl l l ^Jajl) ioU 1 

1 .AA^j . ^ y y y*j ^y ^.^ 0-1 L ^ ^J.»pL&*Jl t ^3 t l) J 1 <-X>ci»J 1 

+ *■ * 

. LsAj I ^jJl jj>^j JwpLalll 

{j£ jjl c Njl t c-jU j y 0 j&jj . 3> ^<Jl ^L:, LoJl^p aIs" ^iUS <X>x>*jj 

“ > 

<LL Jjj . fj jS .kJw^ xJ 3 > ^ I JlJ l$Jli t APj— u lulls’ Aiy U jllpj t olj 3 S 3 

{ ^j/a\jc }} I cJslJL 1 ^3 ^-«-J ^tj>rJo . 35 ^<Jl I tf tl Aj ^- 9 <Lo_jlJLa J a XygJ I IjA 

]a_~Jl 3 -P IX**J yjLAj ^ 3 *-^ ® j£H> A^s-JjI t LnXjI y2-£j 3 ^ j-^-ll ^J-*->- bjj_j 


c 


.UUJI 


*" y £ *» ^ y > 

Uj j-wo di ^> cjl!Lj 35 ^oJi iwLo b ob* j+j* j t d^b^x*^ 01 ^-> *y 1 ^ J*S -* mj .^l^j *y ^ 

y > *. 

J^UlU CUS_pl ^y> L>“ t Ajli CUSjJl ^ t lLLLoj N <^jU i_j'!>L«Jl li! . ^jUJl js»u 

^ ^ y y 

^ia_>0 ^jUJl 3^ Ni ti — ’b/2-» ^3 l j l a il l I 

jJ shock wave oL Jjil bis t t 3jL»3 c iJl iiJbj . (V^Tj Y,) Y ^JLSwJl 

. 4-JLo-xJl 0 j-A 3>s Oj 3>^> 

<_5 ji Oj-^ cS~^^J 1 c-jI jJa-/S>tAJ ii ^ Jg -^.il oJLa ioX^aJl y> O—J j 

o'* 

AjjLj 3^ j!: ^1 ^3 c A>3 ^_w_Li Ia-«^ 1 ^-P" ^ ll j-$-*~~-i • -l^-^ b -ll ^3 ^v-Oa-P 

(__3 ^Jg^I^Jl yLiCiil 1 J-A 0| • oJj>tj ^la^)l j^P 0 ^>bl^Jl A-J^*Jl ^3 yfo Aib t A^^la'l 
j y>*Sj ^3^ 1 Aoi-Up'frJ 1 A>- 0 . ^j^2jL>sJw<>J 1 iaJw?Jl AjllaJ^o Ao..«.la.P o^-^j gJ a^^ll 

. 0 jZ>xJ&A aJ-o»P U ^3 

ob ayil^a C 03^ J** C-3*)bJl i^y^J \a\+j 3 ll 4j>- ^a 0^3 Ij^J&j 

£*—/*-* Lx-p t j>tj&j ajIj 3P 0 lx> ^Ol aL>- ^-^J l oJLa^ . LpI 0jUJl 

. supernova ^lcA I j*. 


. LsXl 0 JlJ y 4 J j~*g-ij alp j*** yA Jj <uLa 1-X^Aj t a_LlS" yi y O 0^ 

L>j!. 3 3 k — 3^ ^ ^-^Jj 1 Aj yj w> 3"^ 0 *h& 

oU»J! o| . antimatter S^LJl x*J? y ^ a^Jj t<jLJLa yi y XJ» 1^1 . *j ./a.Sl 3 

. ol*iaj jjj 3 yJI -W*_$ yty . 3 ^^ 0^3 I t l <*iJJ^ y& ^yyj <. l ^ 3 ^ < 33 SaU»JI ~l~x> j 




aJu-IjJI t 4 ^fl J w 2 -H A^- yA ( 1)1 *. A^S~ Ijjh iSj* ^ 

^Jl <Lo^-« t L>- jlJ- tjLpx-flj'yi ilr^ 

, 1]La C-jI j>rj£ 4 j*j»«lJl ti/t olaJaJi 


Lr* 


Ju ' 


Jj N jl LlJlp 4 0jL5NI ^ LLp jL^-aJNI yS\ oi J-J J 


CjI jJ-j j_j iJiJ Jo ^_L*oj . 4_i j J_>~ ob jJo*oa iloi-la PtJ J-^-9 cjU^J'V! Oj.JL>^ 

yy^ jJ-p ^Jl oU c oU>c3 c (J^->tJo ^jjlp o^-^J neutrinos 

. neutrons 

LgjL) y j-jJI . * y.,to 1' *Lp ^** o p_>ijJ! ^j \J>- o jj ^-jJ! ^^pxJj 

S/J oLJl JISLil ^ J^w» u?l ^ Lfj*^ iLUp <UJLo c <15 ^1 p c 

4^%jjL> ^j_Ss-Jo V L^Jj -> ^3 02>j ^- ^-oJl oUl (jLd 4 ^->- i SjL*_, j . ! J_>- AJL'-x^j? oj jo2J 

. photons oLi jJ ^.iJl jl 4 ojl^J! * j «,<g 11 o>L^w>^o^J Jo j_>io Lo j . JJU $ LfJl 

» * m ^ s ft * j * f 

t ojlsuiil j-j t ^_p>bjJ 1 jl ^ JJUJLi uli I J&aj 

. O^S" jA ^3 4?cIl«JI ol^-ljj 


^r* 




y» Uj-j (a) ^ tr >^Jl ySy. hj^i :T,\X 

U t iaiaj>«-<Jl jl .(b) ^Jb t £jUJl 4 -P-^-j j>Cj 

. JaJi J <UJL^> As>- y* jS 


^jIsji jIjT 

* m 4 ^ , * £ 

(_5J-^»-J l 4-3*>\_Pj J-* (j-^J <■ 3y'-~^' ^J-S ojJ jJuJt ^oJ.,./?,Jl A->- j_a (j\ 

' ' . ■* ** > . 

t dJJS OjJj- (J-^j <■ J . U jUiijJ! ^Jl <cdli5 jt-li*-* IJLa iaiJLs 

4~?-jl?-cJl tlj^-'il 4>-jliijl <Lo_L*aJl jli t ^jA 4 IJ 3 CjI ^JLp [_£jjCj N 5 ^XaJj 

. ^y> 

jiajl) (jljjl® aIL t JLs 1 <1>sjL>tJI oJLa tijjJi>- t jlS” L*J j 

j-<Jl c - U'l ^j£- LlpjjuI U15 ^—4. ^ - 1 : <_$ _jl JJ *j^LL>Is £>1 t (V", ^ 

i^^yj I A^JLp oj1^j>- ^Jl c_5 dA 4-JaJl oJLa ols t y5li ^55! 

jj »i ,A^ o Ji ,_yx]i * j^UaJi oJL& r,u jiLiJi ^1 


\r\ 



( 1)1 ^ o^i ^ jUxiJL i-il 1 *jV t explosive nucleosynthesis 

^ C ^ .j g .P ^ I J-*. J! L - •>- -a JyLp AajIa jL>T L^J j (1)1 0 _^0ajl oj-A 

. liA-^l J-ALa! I I-Xa 

^Jjilj *— «XpI >* i^LAaII jjJl iji 2 _> j 5 -iJlj i Ajli jvAxJl 

t "j l ^ -...-» - j ^L x_Jj ^J_^a ^yJ-P- AAt-jLJl oliaJl J • ^->*-AXaJI (^£^^-XJl *■ — ~~z~^ s ~~~* ' j-f 

JLacaJI ^y> o ^>L p a ^.L ^.J j . oo>ljLJl i£ y 3 J ^ OIjIJ^jj^-oJI j *• ^ OALijjJL^JNlS^ 

I g . *> ^Jb (_yJl 5^>wJl A_*jj> U y jjij iillsJl A^ia-P a _, ^S |*j>«xJI ^yi 1 '— ■ 3 y AJ , 01 
jl iw~>s-P- ^ j^Jb ~^ Ui jr? j-^ l5^" ^iji ^ lS -X i ,_f*j 1 Ajto^^o l^ls^ 

, ^l^jl ^ y 3 i d . . /? 1 l l O y**~ * " *~* ^ '“ I t ^ I ) 

. CjlLj ^ jJiA> ^J jJb J»j l 0»X>eJ j*J>rjJI ^jJa«<i iL^J l— A.^ \ jl ^UixJJ 

^Jij y Aj I i~JlS La Ja^-*>U j . j»Jipl Lao j-«j jj -0 jyX>w> T, ^ £ JiLiJl ^-Ljj 

1 IjLvA j . AO~Jl jylp Jujj o^a! oLb -^rS-i 4 -»i 1 ^Ll J_y3 0 JAU ( jjlAA«0jJ 

t jil_P J 4 JL 5 -J -La -La j^50 <(k_i— viJll) jl . oi jAs-oJi ^ y> 'j~y J ^a . J |*a*-L!I jls 


li Ju 4i*JuJl 

^ ^ J, ^ 

LgA-L»cLL— a Lj-L*aJI ( j^*A-«Jl jaI i JL” ^yi L^a-I^j jaI tA~L ^SIailLs 

VL^a ^-/3j ^Jl o^LJl f-,_5>ji ^1 . ^LiaJl JjLJ 


^j-JJI : r, U JXJJI 

t supernova j»-LpVi JJ 

j jSi>Sfl 01 L^a 

J. . ^ > 

p — I t 0 j-y—A Oj J—/2 -I jJjj 

t aJlJl-oJ 1 jNl ^ c L*_i ^aai 

^»Lo 5^3 (_£ J-a ^-Lt- L>xjjJJ 

• j~*L jl 




OjjJu V2, oJl J>li Jlij C Lo A ^3 LL-Lo-P jJ I J-^2 j ^ ^xJl 4-0^ jjiJl 4j2_*_LJi ij| 

^ 0 > t* 

1 3^ j^ij Ju J l>- a ^ja c steel (i^JuaJI) jN ^.LS l (_5^J <■ a^*/L^» V I oLJi j^Lp cJ j *^2 j>cJL 


aI>tJ 1 0~L*-<Jl jV jjjJl j»li £W2^Jl oi Ju ^ 


r" 


^j^pj S $\ oL (J jJLU oL^^j'VI ^P-A-> L» ^ (_$^ ‘— Jj^l>tJi ^*j>*Jw<jJI 

. J J >/3 .<> ll 

> 

JjJj>J| (J y^ J A~-A-S ^_P (Jp-L~Jo i^J> ^-J l3 C ^l^Jl I— A jJ>JL lLU.3 

C A j-PrjJl L« ojLJl ^3 t P-LvO^jJl ^3 lj jJ >- yA O^ 4jI ^3 JtSj . 

^j-O La ^Jt C 4JL>J| oJ_A ^3 tJjJj>eJL *l>- ^Ul La . LgJJ» C-O j_$L> ^lilj 

^y^z^J)\ JuJj>eJlj tojL>tjajl -C_p c ^iL c JapN 1 ^a-__JL_... q J1 jj<5 LjkL&j 

^ j i OJJS ^ JjJL>J| ^-y 3 pj oJsJ ■ ^ jj-j L <o Ja-^>c_«Jl f-L^ajjil ^Jj aJ_>-L 

. d*.l>“^)_\Jl L&jljJLo (jlS" oji ^>- A>- j.5 

(_gjJl ^Ujl ojl jJ>- A>-j5 ^y> AAaJlcJL .} j-J d_ilj t ^-S'JlZj ij! i_LU_P i__>-j^L. Ij_SCaj 

JUu LgjL>o cjw> ^yJl oLJl LgJ*>U^ cjpL>- j^xJI aJLJI ojl ^>JI oL>-j^ c aj^JJ 

! AAxJuJl 


Cosmic rays iJ j53t 4 aJ.NI 

t l-l->- aJLp AjUsli Ajwa jJi-pNI LgjjL ^ylJl oLo_»-^p>Jl ijl 

Lgjl ^ Cj*\ ^ Cj^~* ^ j’ J 1 ap- Aaj jamo Ol 

o - ^ , *• > 

o ^j>t_<Jl t c_j ^J suAJ-aJlj LgA>-j ji- JU- t J^-’ Ol 

LuJiojl jJj t Ij^aj . LajLwj | j,o jJ LqJLjI? (^1 j^SCJj . LgJLS - 

(_^JJl oU>t_iNLi Laj j ./? <» oU jj jJLJ! LjjjjJ^j ^jaJls t o L o_^a-j>tJ 1 oJla L5j^ 

l j_4 Lj_LjIj_) U^Ja_o_j oLa_w~_>tJl oj_A J_L^j .N a I iLj^aO ^.s U 4_. 

C*JbU cJUiS'l J31 oU j . cosmic rays a-J ^ iLlI iA_J.NL j <. cjUU^jNI 


Jj-L>- (ji y* t Li jj j _JLp ‘L^jjI aJJI Lo j»Jl*JI o— jI -CaJls ( ^ ) 

• c^r*L^^ ^ J ® _r*L 0 j^*- 4 c frL>— Jl jj-a t J-^ c *L»_~J1 c->j aJjJI LaJ[ 

f ^ ® • Ju~L>JI] ^ ^JLlaj ~Li_A__i cr^L -ij-i->Li LJjjlj . . ^ 

i . p-Ja*]! *dJl tJ-Ls^ [V*0 !jjiaJl] ^j^iJL>Jl 



d)i 1) jj j)V> y*J^\ Jl5Jl3 . I 1) jA. Jl j -JLP £^LJl 0 ^-Ll AjL^_j ^3 Lj^SsJ I 

^1 4^L J _g5L!l 4^>xJj| by^ olj^i ^ j t electroscopes LsL^^Jl gulls' 

^j5b>_<>Jl ^yO^lj L-lb (l/^d p-Jj • A^wi-^-wJ 1 A^-s^Ls^ ^J l ^^j-lJl 4 jLj>- CO>eJ ^1>- *~.fl J ^ jJ2j 


4>*j J-OJ J 4-«*5L*-a L>tb CO 15 4 ^jL>Jl 4 ob-~w-J>- fc 9 -Lj 03 1)15” bl 

( jxJL?- JUL!j . ^-jsLjs jJl £"jjJl c3^ yi-l y® l-^$L-i o j_aJ! y« IJl>- £-Lj l _s- a J 1 ^ yLl 

* > 5 j. , 

^jll>- Lolii 1) ^5o JLd co L ^ ,^w- > gJ 1 oOj& l)Li 4 1) ^.Juj . j . ^JL*J1 

. 4j J l ^ I y (_yt LgJL. IjOii^l t y.jLyi]l y£\ j! |Oj tyjS/l 

o * ^ tf tf f- ^ ^ ^ 

LJl5 co L<>ww-«j>cJ I 0w1_a ^3wL> 5 Jl^ v^_j3_>c_> 1)1 yS 4 L»i a^— Jlp^I (^1^ 1)1-5 
^Lp i y 4 J^.5 ^-p co j-Jl J£jbj_*-d_il ^li JJLlj . ^Sg **> ( j-P L-UjoI 

CO-Oj 03 Jji Ol!l fiOO» 1)1 0>- j3 4 Lj j2j yji 1 • * * ^Li>jl ^Jlp ^QaOo y 2 jJ waJlj 4 \ ^ \ % 

y» L= ^Jl iy^a JL t H H 4 jjl ji j ySb^ ^ Li j*-j . t—ijLJ jl jy y LgJU- yL 

. Oilj Jj> jJjJlJI SJlJ; O i ~Ls - jj i jZ-& 0 » » * y. y ^Lijj! yj|j t jJJ.i y> yi.c-1 

tolij yo ^XSLJl c LlL y« y° t iJLJl yJuJl 

✓ tf f. " f. s 

1)L5 1)^--v^LjJ ^o-L>- 1)1 ^->^1 jJl {j-* jl^^j l)wi-<2jjl UJl5 ^-9 JjJ1 

>«..'■ f. " > ? 

o> L^y^>- i^-Lp 4_*_J) v y l oJ_a y yL>^j j . ^-5Ul a-^-J^VI® — —j l <ipLs^ ^ ^jls 4aJl>^ 

^Jlp y, y^>rj jJ L^jl L * S 4 oljjJl ^ j-*j <* oUj ^Jj^jJlj 4 oil yjj j-Jlj 4 oil j 

. antimatter 5^U1 i^> ^ 

I c-i -i-flj lj 4 A>rj 1 a 5 ^_>»Jl ob 4C^bk^A^>Jl o-La 1^j>o ^j1 y# j 

. 0^1 4 lolj Jj J 4 L^J jj.v?.^.ll 1)1 S y*J>- J5 ^3 liai 

> "x 5 *. , 1 ' t >..** 

Jbojj 4 <—>S>- ( JS 4 jbxJ^J I J^jkj b 4 A^^poJl oli jwl^Jl 

X *1 > ** w - J 

jj US” jJ LJ L->J->o 1)1 1)15 ULp LjL>-l i- j^Jl JpLoj jlSj . LJl aJL^*» 1 ^ • * 

%. * * f, 

. y-iVi y I J~S Ldij jt-lapVl y ..~X>woJ 1 y> ^jA^Li Lj 

* »* «» t- > 

l)b 4 1a>- LjL Lj j53l i^-Jj'yi l)Ly>- 1)15 4jLJl f-^bJlj jjjL^JI 1Jl& 

. la^-Jl ^3 1)jjj^ I A_LJg JJ c-i La^LaJl 

^y^***b t gA^^j i ^A 1 A^»*» ^ 1 Oj~£ Ol 1^5 ^^ 3 L-U^ LmmwJJ 

4 lb ^JapVl ^*-*OO^Jl 'l Z b} 3 ** Cf° 

*' p, ^ ^ / J 

4Aj AL*i V % v — 1 . 4-»-»l^>«Jl^ (Jbos*-^! ILa ^J«b ^_L>rJo 

* * * > > > * 

1)U 4 Jaj>xJl / y*~A>zbj . 1)LL? I ^3 ^^->* ^-oJl L-U^ o j-L5 Aj^3 ^-Lj ^JLpI 



43*)L<oP 4 -oo 4j| ^o ! 43 L—^Jl ciiL ^j-P 0-4-*-o2 Y * * jl-AJL*o llP A*~o 0^2 j-*a*JI 

c 4o>- ^j>«Jl 4il—-^Jl o-La t ^-^-la-P d - 1 <1)1 L^J-SLoo bj+tS 

— • • lSj4; 

of ^- s^ 3 <1)1 • L-P 4-o 4 Jwwa> Y * A*o ^i»P ^>cj3jI AS ^Japl I j**++iZ-*++A 1)1 ^J-^>tj c 
lIJJ^ (jl® t ^^A-P L-£» , *-- ; A->5j! Alta (_£ LaAL*3 . L-Jl (J ^JJ L*lp Y % 

C->Lxi-^wO>- 1)J S 4^j^_SsJi 4_*_A^fl JJ33 ^j-P liL«j . Lalp ^j-o^Jo lALta AoAj>- A$ 1) J^-> 

o JJ */2 j ljwJ| j+~*++j ^ A3 l ^ \ <J l P-^-oaJl 4-P j^n jJZ-i 4-P jm+j 4-o ^_^J| La-A^l 

t- >> / ; 

. ( ^a*o j j I L 4 -! J-+&J (j -f aS o^j>«-<JI L^^LAo* 1)1 . o^-ALoj 

A*j>-LaJl JlO> c lo o-iLyaa old ljJu>tj (jl j/l (1)1^— 1 OyL" (— ■ «a>- j^j v_j j—J j 

. oJLa o jli (J*)l>- ioljjjl 

1987 A pJip^l >oo-JI 

(_g^ LJU iL-j oj^L Lo ^3 Lo ol j-jc^JLww<>- li oi j^pj 

jli t LiLL— Lj j_$i L>-$j . jv-la-XJ— > j_>«_i Jyi-p j t (_$ j-j’-Vl cjI j^x_«JI j^-ada^ 

^liiUJJ V ^jLa^]\ ly,l«0 V — ^J>y k_j^-*j io- l _yJi t^**^*^^ C, jl »X— *J| 

L»-l-9 (. ^ ^AV aLp ^3 ■» 1 j P 1 y t O >— Aw—aLaj ^jjuu ^y^-P ° • *L* y_aJ'i/l 

J, •* ’ ^ ^ ^ " 

litj 1 1987 A j*_— I o>u Axj.;. /a i ^ jjjjj <.|»L>JI Jlli ^ J jl 01$’ 

: Ji 1$ ^ oLi^l ^1 oSl ^Jl >JI 

AOj^a cy^ -9 >*J j_4 Or? 1 Or^c - ** 1 iia-N 01 

OtAa>-La ijL>i-— oL>oIj i Lij j_?- as^ajj il^jl j*-?*- 1 1 1 _yi-OL!i Lil_w«L$ 

Jjl dili 01$ j tj»^lJ oj^> IjLOJL Or^r- ^ ■ Large Magellanic Cloud (LMC) 
I -IgJ OlJjjJl {jA JjJaJIj t <Ji$ pJl*JI ^^3 V jiO JyJja- ^..lap 1 d y 

u* j*->oJl ij j.si, t LjOjLa-o JJ_p v Cj jJ jJ ^lLO. o j j-*/? 0^/ vilij .j_>i<kJl t^yOJl 

j_ydi oLL-a»J! e-jo! 1 ^$j . I Jj>- j <■ y 1 ^ ^AV laL^i Y V cO^LJl 
** ^ * 

^•LyP ( j^o 7.0 \y*u jylip*yi Jl 4Lyaj (_g JL5 1 ^Jj JLaJj i Ajkj Ly-3 d~> 

• 0 )^*4^ 0^1 1 O^j - !* (*0*7^^ 

Ferdinand OOU-L JuL^p y Uj>4iLi ^ Lu^Jlj 

A-0>jVl 0 j$Jl c A*^J Oyil iiili iis-j ^ I _ r lp ^iLJl OjiJl y- l .. t0 cLw-xi t Magellan 



> jjc- l AjLJL>t Jl ^ i La_* (_g ywaJl J (_5 j~kJ| (j“>\j^La ^oL>«^< 

. Milky Way aJIIxJI i — o 4 ^jIj L^jI j ^ ' ^u L 

i c3_^ ^ ^3 - P 1 1 J jl J P 1 

.^^jVl J-v^J tojj&liaJl clLLiJ <jJL»j Jjl j-^ 1 c5 j!>t>*Lo <L>L>e-^ ^ 

. JJl3 Jl * J o A a ^ jAJ C-i J-*-vJj 

U^jl t <0-^ OtaijA^ <_ ^ ^ I j^M+*^ * * *t* J I ImL^j tLs^' -^j 

. i^oJ>rjJi 4jj L 3 JJI C^L^iauJl jLli>- j/ 


^ja> j g ^ ^ ll c ^->«_A->1 (^‘XJl 1 *— >tjwj| t Sandoleak dl « jLS* 

> _, < * + * 

4_j- _p ^_L_j j t supergiant <3 j-® ijjjl L«-^J 1 catalogue name sk-69202 

^ ja.il) ( j-^4_2JI o«-LsA>| jJJa o^_a tliJ! Oj_*_>jl Of-L 2>|j t 20000 K. A_>sJa~o ®jl __ r =tJl 

aJlJxjj t ^ ^ t w w j l j la 9 L , A ■ 1 Ll y. .^a A *** *>ta o^ la ° v„ d »,<?*> jJi jJzJj . (Y*, ^ 0 JuSC-dJ 1 

. Lillis' v — \ V «aJ ^5j j iip cLJdu 

S’ t * * 

4^LP ^i_P ^ Jo>Jl t jlS* ^^^%JLww-a>JI ld-A jV ^J-w^LiiJl 0 Jw& ^jdiL 



^Jl el y £_$ jJi) Sanduleak dUjJJl^ y>JJ\ .AiJ :V, \ o Jidd! 

■ L ^jS> i (jL-JI ^yj ol yj) ^.lapl 




J t <Lo y A 


^ V * * * y>- y* 5j Jj^a <iLw^j lip wL*_»J <1)1^ wLilj . Lj ^> t^a 

, A^*-vJ aJ yQ^+j All jj ^Sv^j 


jJ jL^ajVI ojl ^g-Lgj (1)1 A^>->*-Jl e-L^jaJI £LoJ-P jJJLj 
< l)l$U di-ta ~L^JL> ol Ujl^oJ ^3 jlS' jJj oUL ^J-*3 

(»U- tisl—J. ^ TV ^ t ( ^Universal Time ^l*Jl c-^-J jjJI ^ •V,T'o LpLJI ^ 
^ a-Lw*^ 4-o-j <1)L^ .AJLL 3 l (^1 V til ^J>jj . \ ^AV 

jL$J| CU3j y» *jy£ iillk tl)lS* wLaJ . oLa jJl*-oJ| ^J»P J j-*^2->sJJ 

• J $. J* (ufte) 

£ 

iCjLLaIS j\ t#^L>«3ll) ■— > ,/s.i.i Lali (jl j-AA>*-a 1 ]Ll* (jlS JULLs 1 Ja^H o-LA \.x>S j 

> " > — J t 

(.IMB i — J-®“J 1 oLLJ I ^ i^X>\5 j~AS ^j3 L»jkJi>-l ulS'j 

oIpI~* jJ-j e j-JLp 1 L L. S L! L> L»^Jwo ( J^’ . o-\_?taH oL jJl 

^j-SLSj . L 4 L 4 J oUjo yj L« J-& lLH OLS' JlSJj . < 0 jj»t^Jl jj-jtlL jLjtjij'y! L >jj ( ^a 

> ^ c *1 

j- ^ *sJLwvwoJl <L> jj ^j_P ^j-Lp! ta-LlP ( -L*_j L&j J-3 jJtL ‘^jLJLSCJl |Jl& A^*Jfcl 

. o ^>*11 jj^xJL 

^yt 1 oLwJLxJ! <Jt>L>- ^A l Lj-aj 1 1987 A .o i l LJI y> t ^JaJL <. c^Jl5 j 

v_iil cJ^-lj ^_j-j ( _ 5 ->J gjj ; Jyj j .A il <oL*_>l ilijlj c sJL;J_f- (J-^- 9 


< -A^aj \ 0 jj-a ^ j la a l l ‘Uustip- iLUJ^ <ulc- olS LLc- 

fp ^ ^ ^ 

,-t-l a pi i j- H -a-vJ^wd L«J-1-P lIU^ (1)IS* . jL^a J^Lxj Lo j la. 3 

. L^La YT ojS' ' j* jL^I ^i^Ip y> jlS - Ails 1 L__ r< aj • r d r i -uAaS'I Ljap j . supernova 


Jg LAjJ l <_j *>\_=>- p. la c-S/l 




yj* 


^Jl 

a^-*->.j 


Ax^i\ J5” . <JL*Jl LiliaJl oli t Lal_p o^-^-^j -J^La-i^/l 

f ^ > / , _» 

^-P s AaiJ x Jl J*-J wLaJj t tlUj) ^ * A Lo - wa a-3 0l t <3 UaJJ (jlju43 C-J J-^ L°^P 

cJtAi- £jA L Solar Ma.X y~S\+A J-+A ^o_>aJ! ^JSj ( ya L j->oVl ^3 4 <— i-AJ^ 

. pJa P^/1 J UtAj I Ajj iiJ Lj I (1)1^ -La3j . jJ^ I j\s>Zj 

mv f u La tjv-lLp'ill ^-a_a~JLa»_<k_U <uJl5L!l oo-LL’NI C^^j-AjLJi jJj 




lp[ . aL>Jl ^L*Jl cJ ^Jl ( \) 

. iLJj i-ii ojU J wi ^ ^S3j i J3 j ^ Ji>»i~Jl Greenwich Mean Time alii 



d— ptJ i j j^a <r JSLd ^J»p ^ ^ x s UaJ L^Lp 4_x_Jj \ oluJLs <Lo->-ljJlj) c \ ^AA j 

Jwix^i Lllia-pl jJL) j . Laj_» ^ \ t jj>- (J*^\j>*o*VI 1-dgJ oj---ow<Jl o ^jLflJl d— >t5"j . p-1 j^j>- 
t^c,j jjJl jj-J*->dJl oL jJajJ l_Lw<d I Jw^S"Lj t ^ oLo j-L*-<JIj 1 1 jjk o j J^>- 

. stellar nucleosynthesis 


^3 coL-S" 4 1987 A j*JipVI j j-^Jg ^ jJLU c I jj>La j 

I <d-«*s->uJ 9 /»-^oL> ^Jio ijjdj>tJ (1)1 C Aoi)d>*OS OwLt wLp d^lJu^lo J ^\j>- ^jOJJ (, do Jo>eJ 1 J J^qSL*J i 


In my end is my begining <^1^* ^ 

^3 IjjLy^j -XaSj . d-> y* ^ 1 *^ (j^ jj^-^oJl i m a.+/9j}\ JjJJaj Ol Cj^^-i 

J jj CoLsS" . oliaJJ ApL*-wn^j t ^->dJl jyfrl? A*J2 *S ^jS> OwAjLw^JI jl^3^1 ^»lt]l /y+/3Ji\\ 

d^! Idfc p->dJl <1 *> joa l Loj "^jNI 4 j l ♦/? .7 ->■ L. J to j^UaJi oJl^J ^JUs-cJl ljJ>..^.3 d)j_ 

. ^»jj>dJi Ji *" k ^ ( 1)1 

o^Lfcj t jL*Jl dddfT j»j_>dJl L» £t_~^olJl *Lo 2 -flJl ^3 Ju>- JO J 

dl> j^Jlj * 1 o-j>>J tLLLaJl ^*-Ip (j^j <• AiSlaj j 

V, \ "( JidiJl la^jj . ojji &*£ J> is j*j* bJ y~j ai t (iwij j j^SuLJl) Aji^i jlSI 

(jl » jbaJOo JbLi- t ^JaJU caJj_ 4 .Uo ,^-SbJ ^JJl j tOrion Nebula Ojjjj\ 

. 4jL>t~J! ^>jj>cJ 1 JIs jj-a ^ja “e>tjii^uJl ^L^sVl jbjj . jL» 

j^/ ciUi . y ol^j La J-*SJ al Jj Lba J^S \ (^jJ-C- (_£ jZs*zj L^lSvJj 

ixbj^AJ 4_i jj cjIjL*_j 1 L^oa jj^zj L j-~>~ Lj o j^ial ai t (-1 c^>o ixOiVL t (JlLaJi 

co ai LaJl 4 ^- ja 4 jtbl jl 4 iJaJl i^i'yL 4 - 5 LLaJ! cabwIjJiJl o! . al jas >* Jl c~>tJ 

tijjL_o— 5sil obajj><Jl iwjLiaS^I ■J'-i^j • a jajLSCJl JL^^S*jl (Jji j^J d^LXjJj>- 3 jJ>- j 

N ^ j^>dJl L» pLyg^Jl jL 015 ^1 t ^j-^5CLlU li?-li>s t ^ jdoJl (1) ji!l ^3 

d^>o A^-Jj v )/1 ^>>1 j-* ld& h ^ v ^ o L« ojjjISHIS" t A.lg * *0 j^s^I^p ^Ip Ni ^ ji>«j 

jd-Jao c-l d-o>to oIjI^oI (jlo ^ jo>dJl Oj-^j d LlLdo t pi ^o>o>tJl 

. boA>- Aj j-SdoJ 1 j>dll 

^3 t d^boJj>Ji ^ — ^ >c -— ' ( j-^ (l)^-Sdo ^Jj>djl d\ tju>jl ^lj ^3 l JJdxo J 




1^3 y Jaj j t Orion Ncbuls. i V , ^ 

y*) *\ ^ a j j t ji J j\ o\jLi^>- 

• J? * — -y 




^J^U>cJi LftsiXJ* O—aJ ^j,/3 [ A *7 |»Lm3 2 I CJwO 

^ ^ p ^ ^ # p 

^A? tj* O' Ji ^yi JLaiJI ^ ji>-lj oi jS o!a Jj>cj j^S^I 

^ t proto - stairs ^ L^-L>-i^ 4j^j>t^_%Ji 

Ji J^-Lsjj'yi ^J-pLiJl ^Uj ^J-Xj L>j b&^Sl ja /y>z^j LsJjlp aJUL>- Ljjj>o ^yaJ 





0 dJ>-L-*Jl ^ ^>xjJl dLL dJJ.^ ( \ps>-j . Lg-3 

. pi 0 - J>«J 4 J>- ^a 

^ p 

dlS" La 1^I_J . O^LwwJ! twdTij^Ji Ld*d jJjLw^wJl ld-& J j.^Sjj 

4d>t I ^JLiaJwoJi t <L^j3j *»— itfJb Lq*>kj j.-.+.&.’i ^xil 4jjL*Ji 4->L>^.dl dU^ 

> <■ / ^ , 

.l* 1 , \ V jA-j U5 j l jj j-j Ja-axj I j~S L/a y j... ..o'j 3Ju»Jj *_3 j_~u A^a 

f \ l L ..... ' i»txj OjlwwW\*jl *■ - J ^ j ^ l — <*_—-—> C 1 ‘ > ^**0 y*v3j 0 ^ — ** ^ 1 J 

(Jy>- JjJj OjUJI CS I _jS3l jli t ^yla..AljJi JJ jJl (Jy>- A_iij jJLll ll)h> d>Jj ■ ^jP jill 

^«JLH aI-LIiS'I LoJlU^ t \ *\ AV j»Ip y t Uii 5 j£La}\ oJia o-~~^SI Ji j . yj! 


Infrared Astronomy Satellite ^yly] 11 «-l y>^Jl 


A_*_~J 


iVJ ^XLUI ^l^ji 


. (r, 1 A JSdJl) iUS ^ J y~ aJj! ^yd oJl *5 Id y( C [IRAS] 




— .1 


- i _ „ , s 

^jUdl ^ t-g-»~-flj <J ^>- |> — LL t d^dLflX-d 1 4j\j>*_^d( <jl i 

Jr^ J* jjd 1 ^ 'yP~~i3 • jd-'J j J sri y> y Jdi yU 

. ojLx ddl j$ jdi L»>^ri *■ L»->«-> 


\£* 




o 4 ~qJ>cj 4jl yfl>- Loj^ |*j Ju***S* 4 jI>c^w old 4 

4 > f. 

^J| L u, > - t ^^>«jJl a-wL^p . o ! ^3 L^JlJL^I 

^ f 4 •* , 

j»^>sjJl ^L)^-*3 P-LowLp (jj^i ^£jJ( (j^^J £-* 4 4_^J>- 

*U-L^p I j-o (j! 4_OLo-p ^uJj jv>- *uL>t-^ ^j^Jl 4_o^ L>- s jiJ ! IwLa ^a 

^J~=*~l ^Jl ^3 4 L>-» 4j jJ C^™J io^l>«j! 0^3 d)i ?o-Vpl^wO j*£- i j- a J 4 L^jI Ju ^j/3 JLftlJl 

. l-l>- o i>L>t^Jl O ^5\J L*JJLpj 4 j^i I 

^ <j| . (Jl j-~-.ll 1 jj& ^A-P l— *-^> t_> (j! oNl Ll»L^>»Lj jL*/? aS Lot ^Jlp 

c 4^^> J j! c <uJlp jlpLJ jl U u-^pwJl ^ 3JjJL>tJI 

. o j£ai\ oJjb Jj-^j Ji^jJl y° Cf^ 3* <-&*-& |»JaLpI j *w*tJ** + * A 

) * *• * fr 

^yp Ju 4j ^ ^ylp ^ ^ ^ ^ pip la fl*.* ^J-J.Aji cJ_9 1 e-b- JjsJ 

, '> t t p 

\***^*fc t -J 1 . .^/5 ^ * Si ^ ** I ^ I. 1 I ^ ^ *. % ) 1 ^ ■ * < / ^ jj 1 1 ■ I ^ AiJJ i ( ^ J .... l ..^>; 

<Uj Ja'Jl olijXiili <~ij * j (_y^^ oUtf j«tf >Jl ojjk o| . (V, ^ *\ J5CxJl) <u^ 

L^o jJi^ J_^l J ^h^*-: Lojjj ( _ s jJI ^ isotopic anomalies 

. <u?-jL>«Jl 




U\ 



.Allende meteorite liy iVA^ JSbJI 

y° aj!S 3_uJt J_<^j y jj yis. y y^j _ rs ^_xJ J bLlxA^Ji isotopes ^jbiajJl jl 
* (. > * * c > 

i “>b_a i ^ jfl j . oli j jj ^-jJl y& <LaJjt><^o blJtPi L^-bLlj t oLj j^Jl 

y yj>^ y JJl OA^-oJl j-Lb c (ojbb ) ^JLiLblb a^-« ^ jjl 

j -s b j c A1 J^i-P *■ — y^J *• y y* 3 ^ %• j b yj y ^ V* ^Lp Aj ! y i y 

^3jl — ! 2 j>iJ| jVj . Uj yjy 'i V j Ujjjjj ^ V <Sy~ > H a->V 1 26 A1 ^pJj y£^~* b~p 

A1 y& bib jb c o I ^jJl aJ ' c->b_w^>tj! .sJ-p LftoUj>«-j j .&.\ *JJ A-^b^-bjl 

. 4jib>s_a jalL/g ?- /^Sjj c L^->b b^b^-bCjl ^^2 jIv2j>sJ 1 olSCb^-j 26 A1 j 

VT * * * * KaJLj- i — j ., a i » ^.Ljj t JaLb ol: o.sL» jja jjc^M Jl ^*p “ 6 A1 0[ 

t ( 0 » ) , /? ) ( J>*yi ^y~ll i 26 A1 ye oljj ^ * * yfi bjytyt UjjJ jb lil llil y\ . 41^* 

Jbbrjj/I y& y~Jij Jl . OjduiJi oJL* ^pb-Juj/l JaLA'Jl aIsL ->jj «. JjL*_<jl ^ 

^b"l j-*A^-X J J“ b ■' ^_pL*_»ij/l 


;ij_i yyj^jj 


26 


Ag 


t f >r“ 




oLj JJJ ^j! _la-l ^*J wLib 4. Ijbbij . Uj \ tj Ij^J j y \y ^j_P Ijjti J '■ » 1) 

b/j jl t_ii-b JyJl isbo^bj . il)j y y~> Jyij A_J_ s ^*yi 

ly* 

. neutrino (v) yjyyjj positron (e + ) j jy_jy 


\ tr 


6-lL LoLo-j OL> Oca ^jUsu ®J^ ^JoUl iJj-j ^^Lio 1^5 

oli j ji5l o ^.j j ll C^b^SLo ^3 1 <Ux^JaJ I ^3 

IjAj>-J) . <Lj j ]h xll 06 »Ot6 Lj 0 j^^-> o$jj>- jpo-ll 


‘j-n l oLi oj j-yg j j C <JLp 




>o bLJi i ^JjJJl iijJ ^ i 2 Mg 

ji\ . clL! jJ 6 LLj ljjj_v^ 5 jj_v2j 4jI^>-j iJI^Jl IJ-A a > 61 bj^SsLo-) jJj 

(. t, . O ** tf P 

i)\ Lg. ■*■>- ^-oJJ {j->^-> J t i—Ofci jJl ^^^Lp Lg-J ^j-ol^3 Cwv^ j$ Jli L 3 ^J!*^ 61 

<L>o jJL . J (. J_*>j JjbL>tJ Lo blj . o.}JI>e-o 4_s,<2_>- (^Jpi ^2_Sb>cJl JJl J^Lp I j 

t ^ , *„ , * * * 

t — 3 t j*sSL> a_</2j>tJI 6LL ^ ^j2j Lv/2_>o« i ^oi>c_^Jl ^j_o 

:> jJ j ?i_^js>jJl Sj-w-Sbii Ow^XJl liJJj ilLSS ^4^5 : Jlj_~J! 

O— >- i ^>-1 jJ_> i—ok JJi Jj -aJ| /^p i. <LJLS6l i wJUa-^Jl AjL^j ^3 i oL^>ejJi 

■iS^o /^P l j> jj>oJl *Lj^3 £L6lP 4jL>* Jljj--*Jl 6L? cLlSJLSj . <L^3 (JjJLwOJ *Js> jIa jJt 
SjA 3 o j) y>*-d\ 6-Lb ib—ob'l j) ^jjl . ^LJl i ^JoUl 

OjLJ J^L O*— 


. oLbl 1^-ibg.j ^^iSlj i *LJi*Jl ^ yjt oLLi>o cblS Jul! YY1 




. aj ^LwvJl j^Lyg-jq ». jLob"i 

4_^<k-SCl! ^O-saj 01 i i o J wj-L-p ci^b-bk-p 6^ 

p-j U J-1 p aJ| ^ox-*^aJl 61 t 26 Mg T *1 ^ 

o _^j 61 £LJ-*Jl Ju>-j JiiJj . aj loo ojJL*-< 6I oljjjL>t^ 

. j> j-oJNlj ^ ^j-o U 6L/? ^>-jj Lo jAj 1 27 A1 a jij £A 26 Mg 

. 26 Mg ^1 Ji>o ^jJi i 26 A1 ^ ^56 iUJi 6b iblj U5 j 

4i^Jl 3^U 26 A1 6i til : ^>1 jlp-T d]L^ 61 tUJbJl JiJi UiO^j 

6i _jl 1 6JJ.i La j I VY ' * * * o y3> U> 65^*^ tiiLji* L» aJl±j\u 

A1 ^J-L>rJ ^jA 6^^-*-Ol ^Lp ^ ^>x-> 6^ ^jA Lp^O ^L Q 6b^ 

61 6?“^ ^ l$ ^ a ~^ i ^ jjL^o ^>-^1 ^jjl-Ow*Jl ^3 

6bD N|j t 26 Mg —> j» Lo -L-^j jJl Oj-L Juo 0 j-i L-o 6 j-SL> -ii ii^jJl 

. ^ij »X3 I A^f. -,/?. j 6 ^ i *^3 1 ^— -»' LiLcp_x_l 1 L- »j-> i L «,*i j . ^>. ■^icivu’O— 1 i 

^3 6 A1 (J*^L>cjI^ L>v>«i jj Jl*_j aJI jl» N LL £b6~*Ji I 

j_6a_) i„« i6jwL?xJl 6-U^ 6 ^-^-j 6i oL«bP Lo^ . ^ 

. (j^>eOJ0 f ^>JI j/j-U L> ^L^g^ll ^3 C i JlA 



ji-LUl jl t^/jl c ii?-M ' V |*-iaLC-^l j *- — jljl j4- 1 j£ 

i A^s\jfda <ua>-L«Jul Ljjl ^Jlp Ijij L&I ia *, *? j c j*S\j j ■ ■ ^ 

1 16 0 c C UjjJ j I j_£Laj c ^jjL oI^jJI ^3 *sj L^wk * * , > cJ 1 ^j_p ^a JjJ-j 

^j^Jj t iJl oJl^J aJLs 1 2 ^A1 Lalj .!>- j*-J-*j t 24 Mg t 2 ^Ne 

^1 ^ la P V 1 o^>cj5^L»J1 A^S jl Jl J c3>^" ^jA cLUAS* aJ-a^xj jl ^^<kj 

* ' > ^ - 
iy>J\ (p) lijLI jJj ^J lj (n) olJj jjj-viil jj-laJl lju& ( \ r £~oAj . ULL^ LaLxa^j 

^jA 1 24 Mg {j* 26 A1 ^jij£ j y^A il t till j»JL* r-jU>- (_5jJl 

^ji 1 2 ^A1 a^- ya 1 (_g (j^is dibjbj .V,Y * J^JLlI ^ k>r^i>yA Jl o^Lc-Lidl <LL~L~< 

jl ^->tjljJl olij JJLjl oJl& 0 } • jt-lapVl j*-s**L**-<Jl oL>- j^iaJl Ijl* 

. A ■*■ )^ jCl) 1 ^ 1 ^ L s Ad J 1 C a] ^ ^ (. ^,. .J ^Aj 

^ jjjJi ciAliS" c^ojiil aj jJaiJl ol £L*~L*Jl 

AjL>t*^Jl ^4 i o ^ lap i jL>xjij 1 c.^><>..>cj Jj t IajI-saj LaIiJl&IJ ^Jlj t^Mg 

(jl ^ p- la -P V I I jl . A-4^ ia _Lo..] I LgJLa d— > ^ 5 ^^ 4Jjl»*Ji 

0 ^>x^aJl d-ulS* t (JLIaJI ^1-P^ * ^^-<>-j^l 4-a^-iau^Jl j ^^.-4 A»X3i ^ ^^Ssj 



j- J ad J i 1 A1 ^ jr^'d * — (Ir”^ Aaiajdi ! V, Y * ^JjCjJl 
• j J^JjiJ V'^J AiU»L tliJl a^,....>- ^Lw»' ( 24 Mg 



t ji 5 *l jl (j j^La A»^**^.JL 1 I Aa j ial^Jl y» ^ i jl>«-fljl yu La 

i 1 ' j. ^ j > # >■? ''r ' 

. l^K ^ 1 ol^jaj iili 

L^a jJiLo yo La J-^jJl iiw? j-$J 4yjyJJl ilyJ jr? <1)L* IwISIaj 

^ la P M I y-~JU*^<Jl 3y>-j (1)1 ySLo^Jl yaj • L^-~— > yo J->- j»-lapl y^ J 

I JwO jl ^J-*3 ojL>t-Ajl y> jii J 4 43^ L /s.a 3 y>x-a (1)1^" I AjQ ^ la a? w* 

ojjLi ljj_al /yoJa-xJl C->l oJlS' L*J t j^ij . 0^*>>Lw0 A_^^&-iJl <La ^Ja_LoJl yj 
^Slj ^y J . yJj'yi aJlAjJI ^y y^aJJ j J lu JjS ULa ^JLfTI yVl li-* *ljj jj-^J *X43 ( L^j 
y jSo aJi^P (J *^ 5 -L> j^iaP^I y^CU~^Jl jLpxj 2 j! jL ^yJjJ A^*j>- llt^A <1) Ld 4(Jl>tJl 

ya yllSl £y>*Jl L)l Jy 4 J jL>-jj 4 4j>*j>J| oJ-A ^y j l a J ^ jg . Al^ Ayj-iJl ^»y>tJl 

,'JJJ! 

4 ^_-Ju 9 yj *Ol JlIjI A3*)LoP A_a J»*/? A>-^y yp *A3 ^->*-^1 jL>s-4jI jj jS SS j y>«-> 

yip ^oJLwj lySUj 4 y>*lil ^.la^ JuP ^yllj N 4 j>- J^ jl oJLa j[ . A>-jl>- cJj>«Jj! j 
. «j L> H » lyJLi jLi t jL>«j 2 j s J 1 jS' y> yp ^y Lo-Luj c ^jUJI yjj aS yJl 

AjL>t*~JL A^jJaj ^oJl AJ>-j^Jl oSjbj . 1 Jj>- AjLJP yiLj ^ 'ct L-a ^>ejJl ji^>- *■ 

^3 Ul • ^ya *il ia^aJL) ^ jJJa^Jl J_A • ^J -5 L«33 J-3 4^>^>sJwsJl 

t^ajw 5 ! ^^a jl {j* 1 J 4 3 Lrf °LJ^5i (_$-LH JLSwNl Jupxj j-aj t J_;L>r_^Jl 

p ) y > f. p. . 

^Lp C$1 cilJUL<>J J^j • A jyS OjJiS^a 4jL>t^wJ UaL*w2_>l \S^? O'? L j-* ^ ^ 

JlaJj ! ^A >1 Aj I LsJ oj-A 4^i */7 1 \ A^ y* "ijf^.3 

^jy^j l _ - -- a j-b L^ j t ^ ^ VV ^Lp l ^j-JuJi 1»X-A ^JLj (jLj-^-Ls ^Li 

Canis Majoris ^Sll (wJl£JL ^ J^J ^15 

LaI^J yJl tjtJip^l I Ul^ aIaj jl . *yy ^j-p tR-1 

yip li^3 4LJ* jU t jUa^Ul ^ ukj TO JiLjJl ^4 yjJl jUa>Ul 

Jjj j . y>Lwu jl>«jajl y^| o j+Jz+a c ^j i>rJl y>«-> jL*Jl oL^j>J a^ 

^y jNl La I yJl iJL>Jl Jy oJl^ Ji jl yl5 y>Jl oJla yip Ay^Jl 

^ ^>u JLvaj Jl3 jl ya fi jLI ^-^1 Laj . A1 -w*j A * * * * * y]|y>tj I 4_^-i^Jl 

* * > m y -< 

I aJj yp I y5 Jbto ^ y y 4 pre-main-sequence J\ ^Ldl Ji5 Uy 
Ji3 4 Lj al^j y - * • * ♦ * _J| j^L>tij N LajI^pI jL J-aIxj yJl 4 ^y>«jJl oi-A^ . ^.Jap V I 




I^-Jl ixJaJI (I) Uj jJ j .Canis Majoris R-l 


J-vu j*-i dl • <i j£- si U tJS j y* jj^sJ 

-' * » „ , ^ a " a ' * 

. jAj L&^SI ja ^ o^yVpLiJl ^Uj J l^ji t LjU>j aJJUI 


I3J ^ j L>c_» 5 j *)I i 0^3 d— jIS^ p-S \j . j L> c_» 5 j I ju_i d-— » ^-S sj ^ o^L&> ol ^JS 

Ldli t jL*JI dJUJl t c_jLL>JI ^Jli j s>x ^r i ^ LJjL>- 

* s * > 

LgJji Lg-*dJ iSUaJl <J.iL*-j jL>oL>V I oj ^>td<Jl AiUaJJ ^Jl 

!wda> dJLsi^ iyt J^V- JJ (jJ A-sjl^j LfcjljJLo ^L*j ® 1 4 -JL>«Jl 

jXd d J ' jL>«j 2 jI ^3 <3 UaJJ 4 ^/? a */? >- 4 jl 3 44 jOldp'Vl ^^3 4 ^_3 jJl 





> ■' " [h [ 

skew explosion Jjlw> jUoiJ iV'jYY JSLtJl 

* » ** > 

J-S” ^oJl Lo-Lu t Jo>-l j oLpxjL i— 3 JjL> 4 j| . (1) i pJa-p! 

3 IJlA ^-$JojJ . Ay>^]\ J_x_i A^Ja_X5" t l ^*S'Lx_*JI oLpxJ^I 

-M 


(j;! t ^dLJl ^J>wj ^ ^ *• C 5^i 4-' w *-'*'^^ J .J 

L<*j c ^Jip v y i ‘lJL 0^^-^ *■ k<»j>cj ^ jy >cj • jJI 4 -J ^^Ip 

* ** > ( 
ip t AJwO ^A^JLoJl ^P ii jJ>^Xj j_Aj I Jjs> ^j-L* 

Jl Jjp <it>^p ^ JJl j-& lJ-& o! J-* ■ ioL^pl ^p 

jj oLXj j**P (^jJl (JbUkJl ^3 t IjJfc ^ <jl ^ ^JaP ^ 1 

43-X3 J^*o 3^./? A.fj}\ ^->cjJi J ^ jl *^LLlwl5o t O ^Jl JCP Jo i-3 JJwJl 0 1 Lo»So L <U3 JJwJi 


^ *V 



^ iJUJi jJ y r,H jsllji y^4j . u ~suJ\ ; UdNL 4i*>uJ 

. <U-v^ ji .J}il 4^%*JL<>J| 4P 0 ^ • jlzl'*.* j*S* ^J-J &U*k* jL>xJJj1 

jl>«jlj'yi oJL>Jd>Jl o ^!>o aIv 5 L5^” <U*J jls I-AS-o^J 

c aJl^ ^Sj ^ y >^ Jl J-Ssj jl iw? yjj ^51 Oji t j^Ja-pVl j-*-~JLw ^JU 

ojj^ Ojl^ >»->e-xJl oL>J Lxijljj oLs IwL^aj . <La_>L»sJl JL>-VI ^jj>o tLo j-^-p 

!o Ju ^j-o L« (J-v 5 jJL t iLalS' 

^ ■' 

ilu* ON dJUS t4_Jljl ^Ip t 4-L>- _^Jl oXa 4 i—Ja.Jj ^j-SsJj 

A_v2_3 lLLIjj . Ja.P *)l 1 jI^jJjI ^3 ^ j-kUaJl j^aAlJl A^j *■ Aj^oJi 

. <uJli)l 0 aj^>*p! ^Jl lo jaj 



($) 


t * 

Pulsars: The timekeepers of the cosmos 


pLlc&JI £ja oljLiiil 

. ! j^£Li\ l ^Xjj^alS jl^«Jl . \ \ *\ V '. * »T V ! 

^Ul ifM Jl %yj>\ J\ JjV y> y> ^ iJU ^‘j <■ c-JlS’ 

fU cI^Ij L o ^oj C ^Jb jr olS' ^3 

interplanetary (SjL~Jl <^1 ^ U) ^£3 ^Jl ^ib iJI _^J Lf^^j 

aj>- ojLil d*>U«_~Jl o^gJJI j . scintillation 
IjLg-l Lj'I J_~_«J| I jj* i y^ j> 0 j-o-il jl . ( j^o_JLU ,j~5l_*_a ol>ijL> jJU (_£ j_olj 

.(i,\ J5LtJl) il>il ^JL tjji _*J ;L>jMI 

AjL>twa 4 CpLx-^ t (_£^-Ol^jl a 1 1 dal - ,Q a a ^Alli ^,,-j... a ^Jl jl 

<d>ojJl c> j_a olJ^jl ,j_a i plasma L*j*>LJl J_>-jJj . L«j*}\_Jl *o>- j^jco 

o a_a*J (,J^LJl — A^ I I o 1 pL/2.a 11 f ^ 3 t aj^x-^a*J I 4_J L*>> k— 

A-s^lj ,*-* 4 jj1j tLj^Lb ^ j-A-^oJi 01^" tal lA^>- 

jjo n • • jjo iy>- ^ 3 j2 Jl iJllJl) 1 arcsecond SJu^l j 3, y iJU £±j Lila 

. (ip-jjJi 

^Li ^ aju jJaJi OwLa <LjIS^j| t ^o jL^a jji c jjs jJaJl ilj^l 

wLs^ ^»La3 C 1 1 aAJLJ! 4_>^_i^I ^Jl LI 



> o ' " 

jlajl) ! T& AS J ( ^jwO Ti} jlTj t A-s/gT^Jl J L y ^ o J 1 ^jS ljL>«_! C-T^Tl 

<jl ilj^i ,*-$ j^JL^Pl j-^P- T.* ^ Cj^* 0 ^ 0*-^L5 \~a^J*s j . ( & ^Y* j £ ^ Y 

. ( ! j j^S\J \ ji jl) 4 J j£j jJ Up cu>tJl {j* Jj^>j ^1 ^T>o oljLi^ I 

^j_p 4_*_?-Li dojis' ij| ii to ^ftUiJl o-La j_s*? jJ L>^L 1-La Iju l-LSL * j 

L15" L j! J*jj S-J* ^~J l t/^' utj~* Lr° urJ • (*^ J>' ^./P J-^-^ 

jlL La^-J £,£ JSliJl ^ jJiJl) pulsating source ^pU j-U^= _=>.* LJI aJI ol^Ja-d 

o ^_ aII ILla pi LJ_p- jL j - (j-t-sitL^J! ^ v-j *d<2-jlJ t ^j— toLs I 

- JP> ^ T£3i 

CaTj^I 4j*>\Tp>cJ ^-jLo ^43 j-*_J l \ ^"\A j»Lp JpLwJo Y * ^_5 l J-A ^U 

. ® ^jO! ^3 1 *AjJj>- ^jj k sPTST (1)1 J~S d-J>t_> L j ^-y^?.^>rJ Li JalSs^Jl ^ JjD-J 

^ ^ > U^ 0 -^ ^ (J? jJa-Jl TLLijJl |v_Lp tls^i J-*-? <« P4 ~L>A_*J! 



ii r 

rim 

njrp 

r.mi 

1 

TrP 

□ i 

Till 

; : ! l i . 

*• * • 

#*■ • i 

tm 

l- i 

! 

•» J 

T 


4-1 


*\ l^LP dJjL^Ji CP 


1919 


ojL*i>l (Jji i ( J-5wJl 

• J4 ot ^ ^ 1V f u v' 








. ^ ^ V J Y A <. CP 1919 J/ 4 a, » - Lo .»- 1 1 d-*l ./I .'.,11 ^ya j jl l 1 , 1 JSLlJi 


> • 

^jLi ^3 J-*o*_> LiS” . o dJLL jj -/2 
coIjJlJI c <oL*Jl ^3 {. j^Js>v-> ^jSo p-b t A^3 £*Jb j-y*^ v-SjlJLa J jb ^^JlP c (^L*-i^La 

jlS ^ j-Jl <*iLta . 4-OwLoJi ia-^j ^3 Ao-tJJiJl ^jiUL3lS col ^3 ^\Ju viols' ^Jl 

. Ao l*Jtlo »l <*~Sp (_£.} la ^^-Jj J ^lp co Jj>w>Jl (jL AploJ j lolJ Co IS" JJLls 4 Llll>iO 

^LlPl LUo Jol^^Jl jj^.2? >«Jl 4 £u3jlii ^a ^>- 4 4 iillA (jlSj 

i ^ Z s 

Jj^- fc -~-S'L* A-plS A^- ^J-P t jL*-o^ j- o3 _ ? - (JL>- CjLo? 2 j->~ j> ^3 J-Loo 

Voj jJala <Uo^jl C-jli ^j-a ia^li C->ljUoj JlA ! A^s^oJl 

jCo>-l jt- 1 ^ Jo N jl l ^ *L.o oijLii 4 oljLII ^-Lp L°^IS' ^L*j jJL! 

^j_aj 4 Aj'jLaJ Uj 4 ^_A 4 C^O>s-Ji ^3 La J-o j-a ^ ji £jUJl Lg-Lo?l 4j>t_o^ 

Ui" J 4 ^1 la o j/ 1 ^3 AjIp <iy m *\j CjLsA-o J-^*i j^Ip L ““ J tjloNl ColS" . L^jIS Jo ^»-.g 
4 C.^.l^-3 jJ 4 ^jClJLos ^jCLo 2 o ^jo La ^j-ajjl I 4 L^J jl3 CoLS" . JJ-3 J^o C^ L > - ^ N 

s^iJi ^ i^j^o j! La ( jsl^o oij ^rrvr* n nont ^Ls l^i 

. ‘cSlLfiJ 1 4^dl j»Ji jJIp ^3 J-OJ 4 J C ^al 4j j^P Cj L>- j3 \ * ^Jo <3Ju 

^IJl>- A^JaloJl Aj^-O! ^J l oU^.jJl oJLa jJL^Xa L)i oL^P Laj 

(Jlo>Jl ^-*LxoLa J^l ^ ^ 5> " ^3 Aj ^Lllo'yi Oj-^J A3 

oV ?bU j . aJiJL aJjIp 0 j\*Js>- ^jjO C-J-*-ujl 13 L^jL Jjc^u ^So pJ Aj*y t J^jJlkJI 

4 La ^->e_) (Jj->- JJ-Xj jLL» l — S jS o^j-^“^a (j J-Sll (ji >~ jO oJ-^..S OjL^L?- 

\0Y 



aJIj- o 1 {j* jt-*H j-j j»->oJl Op AJli i ^Lp- 

IJLaj t > jloJL \Jod~* j»j U j^» 0 IS' ^sou Oj^j ol jL-Jl l! £ jSLH op i s-L^S 

^JLj j*J Jww-itJl 1-L_ft> i ^j-SUj . ol^fl ^Ji iS jJ ^j-9 NjJ-ij b v — ol 

o Jda dlb>-> V bdd jJU2-Jl O^-SCj d)l -L c LlAj ^ j-iil t <uJlaLL* 

. iS j>d\ 

(1)1 Jj ^43 4 1 j->- 0 o A.«/2- <a jfrJi Cj IS UlJ dLb (1 )^^j (1)1 ^Sbw bbo 

oj-A ^jcLa (1)1 jdjLLaj j-w«S J- Lyt2 _^>J £-3jjCL» ^1 4 I J^>- (^>1 »,£> 1 /a) £c_a Joo j J, ,/? ^ H 

KojJLj)) oLpj l^j IfJ l)j-^J 1)1 wU ^ bw L^JCo C-A j*j*3 ill 1)V 4, Jl 

jl (jb t J-oJl j^L^Jl ^Jl 4^%jJb^ . j^Skj (J^JpI 

. ^jiiji jb^>-'yi 

lj Jo>tO l)j-^“ljJ ^j-wSsldJl 1)1 O^Llo j jjcdj 4 ( j!o j*2 > OJ Jj Ij 4 4 I* jJl dUS ^3 4 d>" 

s > ' * 

o yLojj 4 flk^ll dlb ^Jdo dlloj o ^3 4 ^-^SbicJl f*’"^ 4 1 jl>Jl>- 

* f. * * 

. 1 Jo I 4 dlbS 0 jy^pj 


^Lp d-SliD 4 ^-JLoJl jU—^^oJl 1J-A i^bp 4 pulscir w^^ajbJb *— ^1 1 ^JLJlL> 1^ 

> ' > > 

4 ^Jjj^lS ^Jl ' — 9 j ^>Jl j^dJ d^J>- 4 CP 1919 tf ^ ll p-~o'yi ^^IslpIj 4 ivioUl 

4 sidcrccil time ^^o>xcJ! l)LojJl ^^13 ^old>-lj 1 ildp'Vi^ 

.^U-JI ,y 4(19 h 19 m ) iSJi ipL. ^ <\ 

4_)J_J^1 jJl < bl ^Jl C-w«dj>cJL^>>i 4 0 ^-Ljj_-_alS obldjcSl ^J_P l)lA_P^/l 

Jj >-^3 4 4 ^olcc >3 ^ j 3 Ly - ^ d^JU 4 j jy**t 4 rs.diotelescopes 


j Ls ^j c ^ 1 J jl t Doppler effect ^jj ^x-<J! Idj^ ® o-i* ( ^ ) 

Oj-u? pitch 4 ^d? t pdsJl ^J>- jO ^Lajjl ^oLJl 1 J_A yj . A-J J../2-11 d> J-di ^S (. ^JbjO 

00 jSJt ^Li>jLi t^ol ^Jl j! f- j-yaJi tSolo>- j^o jJL^dU l_g_sP?Ld>»_ilj c lo 

. A-s^Iap^j! 

t Sidera! period «d*>wJl jljjjJl ^jJI ^L-l i \ s ip jl»jJl y> : l^o>di jUjJl (^) 

t d-oL ^jO ja ?jA t . 4 ^p-jL>- dL» dajlj ^Jl 4^ — JL jljjjJl 6 

Y o ^i_Lj ^>j>dl L^j! jjo o ^19 (jl t sunspots b-dS" jijjjJ d^jLca cblo>- ^y> t IdJuS'^/ tLa ^_>«J 

Lfj UU (J ^Jjl ^1 L — JLj .Synodic period «iJl jljjjJl l dL>o lJu. j . U ^ 

{j* J »-^lj iy U— ^ J y~ jjJj" t /=- (J— oOJl Ljj-l^J ^1 S ^ijl 

o' ■ J di TV ^ jtft ^L: ^ jl 

^or 



l^J^a — -A.l j Ai j . j j/l j>- l ^ 2->U 1 * * j^lp -^iji L“ -^Tj >Ai| J . Lg -^ 1 JjJ-*Jl 

y of^ ®j'-r p y yll V~-* yd' tPSR cJj^j>JLj 

dl^^ U-a j 4 y»^i V>- lV-bd <£jj? y> dUij l$V ‘ (pulsating source in radio 

. p-U-JI 1.^*3 y* 

LLLL>-i ^ L 4 L_> y>^ ^ SjUJ *L**iVl yLSl py dN! ^JaLlLs 

^_L*Jl ^ ^j>tJ ^3 tKjyJAS oLa-wJaj Lyj-jl <w * j la ^ 4 i„* ... p- j o ^-JLo 4_d j-a y^Lla^a 

y^jl J_A j 4 IJ-A O LsL.LS^ 4 \ *W £ ^Lp 4 J_> ^_> Sj_$L>- jJb £t__La -Li j . Aja A. AJL-o. J 1 

! oUlSdl oJl^j Jj jj ojjl>- ^3 4j^<pL>t^ 

^3 4A^j^^jj-jJl |»jJ>cdl pL/J->3 ^JL*J>J ^>c^a jj ^3 4 ^J-°' yjl 

f'L^-fiJl ^_Lp £y **y* ^jP La 5 ^£>3 d— -Lp 1 -Xi ^L>1 4 433L/2,«<dt ^,<A>*-<kJ L^-Jp 

^3 L-*J>L L jL J^3 d^L jl *j-aJl O^Uu-rf jl Lip- . ol AjPtj -L*J La ^Jj 

...IV 

The neutron star 

L^Sd jV 4^ljJ % iM ^j_>«jjLj 4^11)1 Ju^ajdl ^3 4 iLjbJl JjjJ 

d ^jjsJl LpIl^ >L> 4. Anglia ^3 4^iuj % yi ^jJiJl p->*Jl <*-d^ £\y** L^ (J^-dl ^ . {jy #- >L 
c^-^Lp- di jlSd-wuijajLd j ^Jjld . — a.j 

dli a j~^ > ~ (Jy drf <U /»l 3 (^dJl 4JU>s-Jl 4p-W? J j_>- 

^ ✓ ' 

La jl dLojJl -i-AP (JdLp^ ^3 LaL^J <L>t-o»»(j CJjLuP jISLwjI jJuLd Jj>“ o j-So 

.ciJJi 

(^5 y£ ( % ^ ,1J ^ -L>*J( IJla dli 4 ^jllll J-yajdl ^3 LJLp-j Ljhdj 4 ^a>LwjVLj 

<y y* wi>Ji id-Aj . j,»i j=*ji j-SLd -L>“jj jl -L>di lLU^ <cii5” 

. wLpJI IAa (3 y ^ 4 -l^LJLj 4-x>tj N Lj| ^1 ^JbS" ^0 a^LJI 

.» 

^ f. 9 

oL(kJl j ^iajj cJ^j" - j->xJl Ijl* ; ■• j\^L^*j\j jjL*ii ^Ui jlSJ^ 

^ > f 

. *L»Jl ollS^ jjJ 5y 0 ^-Lo < '^A> L_>j <■ IJl?- iJLt’ iiliS" LgJglj .^j,.il 

iola ljb>-i j I jU t Ij5U J . jAjH I ^ Jl>- IJl* ^ isliS^ jl -LaiAjj 
oj^ ^ io.iL*Jl oUjjX^U I 0 .g jj ! jj-U — -AS I ^ i — j j-*^ (j/z-jVl ^>jiJl 

i?-jjJl jyJlj <■ I j~y j ^~ a - j f _j^->Jt ?-^~j (_^® tft-sJ-c- jl l$I • 5Jb>*^« c SjliSGl 



jgb* I OiwUJj>x_I yP jAj I JLPI jiJl y/2-X-> 1^* 3 ^ v fl j 

. <uJai>o c oL^-^j>ciJ v o jxJl yp\ J^\ j 

-ULj c di-ta VwU t Ll> jJ OtS" y^ ajLjl* t Ljjl^ 4 l^g.j 1 ypy^juy 

i ^ JflLpV I I j-S* j>3 ol J! ^3 LxjIj wL^J j . Aj aa< 

f\ +hA ) l ^Jl O^LwJI oAJj ^jUaJ . i!L>tJl <JLUl> ^Jl t o^jLj ojUx-ftJ! J^_3j 

. 4j y^A ^ jjl (J oLw>cj! JU3 ^JLp <J^ C 

liJjpo U^SsJ LaJAP 4 (jji ^lll <Jlj>- ^-Lp ^jLA~J (jl 0 j-43 3 ^S* t, J Ju JJL> ji J 

. ^^1 jJl SAjAA oljj jjjaJI yA LaiL^I 

. neutron star ^1 j^jull oN j <Ji£ ^ i i5U j 

oji . y2j*j*)l 1 ^jjlll 4 _^i jl^w»l jJJLJj 4jLJLiS1 ^JUI 4^Aj *wA3 yA IaaLa^ 

4jLp Jj>cJI Iaa^ . 4-L>tJwoJl <zj U j jj y>s^}\ LaaAmj 1)1 y£-o-j 1 Iaj>- .iilAA 

frL^JI iilAS* 4— iL«-s^l yJt> oliLiS 4 i^jlj^jiJl oL*dl yaJi\^/z >- j) V 4 ^ y-*0 ^Jl ^_3 
Jj>" (1)1 OyAA^j f-l j^>Jl • A*j iwLjv- 3 j*Aj Jt-i t ot ^*Jl yA yS^b+J 

* ^ tf ^ «< ^ ”” 

jji ^yA ^1 CjI^ ^y>c]\ (1)1 . a}j^5 I ^JSj>^jS ( jjs Ijj- 1 -lj2 yA I j-A aJl^SUI 

. f ls ^ y ils^" -Au»sj jl L^iSCoj ,_A ^ 5 -* j^>«JI I j -® 1 

<UsJj^>*_d JlSL-l (1) ^ula*laj>o ^ j 0 L, j) j 

oIaJsJI aJL>-_j jS" ^«J l ^yS S-UJ^i 4JL>«Jl ^j~> ^-jlj^J ojLoJJ 

jS\ ^yA *>b>tJj>ij ^iS^'yi <U^-jU-Jl olj.lall o-La jb ^SJcj b)l Jj V . <U?-jlptj| 

^ 1 (DL Lvoj! iij-l>liJj 4 -Jl^-IjJI ola-lall ^j 0 . » 1 isli^ 

^ 1 ^-L*JLi N <15” 0 j-laJ 1 a ,.,.? i ^jPJj t "/. i * _i aJLiS" j-A 1 i , 0 

■ ( jLS ^ V * * * * ^w«wJ)Jl *■ — a- /? j h.Q* ! I J^a ^JuS 

U5 j 1 1) j^y^j 4j| 1 (J^ 01 ^ 1 (» (jl Lj^Sboj 

■ J * ^yS L ) jl 4>Ja»*i df^ ^ j>^-» J C-^..i 1 t U_^S'i 

^0^>e-oJl ^ <jl-b (l)lsb« (_jl ^yi t C^J^-J ^yA ■XS’Ulj 1 C, y>-\ J—x AjI <Uj JL>- jj JjA t j 

A Irr^ (A A ‘A-J ‘ Ji>* i>* £* ‘ (_i!>Jl ^jiil 

J'^->- aap As ^j*xaJI uLj 4 ^ ^ £ ^Lp 4 ® 

jJipVl — i ...>< j l ^ UjPj il)li 1 J-j U^i U5 j . AjLJLi 




1,000 trillion >- D 


200 trillion •< D 


l (K),000 x D 
430 billion x [) 


o) . { y i L^iiliSO oLOl Cy~i iy^^i • 

. o^-Ju l)^JLo j-& . *LOl A^ltS^ D 


j^S^j d)l t OoliJl j ^Lp jJd^J <1)1 ^j-^3 ^j-a 'J> ^_<kJl lj_A t — 

. yaX>z^\ yj <U3 iLLfc <uS* y>- isli? 3 y>- j t \Jj>- Jj jb CJ jJ o JLfc 

v — * jj ojJ ^jLoJl $LJ1 oL> j^Jl L&o-LO (jl iiUaJl ciiJu ol Ll>- ^jls 1^ 

LojJ \jj>~ j~S JJL>- 3jj>-j jij LJV cil-ta . 4jUjuJj c 

0 j\p OlSj • J^S <Zj\j>- y& ^OLjOlJ! ^ dSjLiu C-3 y~n iJjfe 01 J C 

. ^laV * * * ^j-a I y>*-> £-L t ljj>” 0L t LjL~^>- l 4Jl*iL^j| ^ol jil 4 ^»- yo 
4j Aji Jb J^-a v — <2-L>0l ^5^1 c-3 aJjjJsJI ^oJl o-Lft> ^JlLa 0L L^Jl3 

wXj <, 2 d^Lj>-^-x0l . dp 0*ww»^j>t-Ll 4_0L*Jl iiliSJl j-a La 0-LLl^_> A_j^Lp 

^SM 1+ftUJl ohUul J> L^ L> c ^-jL>xJl y>*-* iU-JI 

£jl>- L^i y>d-A OLL ^_**Jl w\_^_o ^5 oSyPy ^-xOl dP Llg-->^J>c-J 1 J^jz-J j .^i^i Jj 

. j-oLJl 1 -Lft i^iU^ O^^j L>jj^ c jJl^<J1 

4syj>v-^ CU»15 jLws^Jl I Jjfc J^a 0 jJ^fT 0 L c k — 2liix0l AjL^j ^2 t 4 jLo| pj L^j 

1 4— jj jJ j_jJl /» 4^><jJl 4_o Js Jj ji a_^_^JsLxXa (J yA>~ “ i — J jli IjJLa j . "iA-xJ 

1>Li>- OAl^w Ji L-*-s-->L L>->o 01 . 0^1 c^io jJ caajLJI o j j il ^ ojj^jlJIj 

4_L "> yK^LA C A-v^lLsj UJwP t 0 yS' O^jLoJl A-wwv*-L? L- i-oJ 1 4_L ^Ja>- C U^W5 Lw^vLpLJca 

I J , •* i ^ 

o^_2 2> yy j (1$^^” C eJiL^Jl ^3 C jLJl o o j_aJ 1 Js> . <-w<>^>xjj! S^LxOl ^-a 


^ 01 



i-^aj cJ ( jaL£uJ| £ ^oJl ^ tisU-AiVl jli IJl^Aj . oJj-Li 

tj'yi l^plaJ j\ J-Aj A-w^JsIjJuj J jJb»- \jjt> i y& j t iJ->- (c , ji t LJj ^hj^j 

^Ja - ^ * j j$ ^JJL>*J! c AjjLd-^JJ^) ^ z\a^ 4 — •> J$ g&USS 

. (Jaib (j-ojlf- Tj \ jjci ,_r~»-AJl 

/ "* « / s ^ if, i i* ( 

jy_jJL--*i L->j ^-j j—) Lo-^-j 4-o-J (ji ^ .* oli 4 jj i-ij—** U_Sj 

^jA L>J|j t li>- ^isi uS US' j t 4 jLi XiSj (J jAj- ^^>3 aip twiJLSo 'y o^^>-j ^ySCJj . (jLUj^UJ I 

Jyj jJ ^->tj U->j^J LiU-iU^o i'J"**' ^^ySjUli p->*^Ji (ji Ulh 4 4 „wJ3j (J aU) (J^U- 

. 4P jj~+j A^JSj (J y>- 


^j-ajQil jJ $L £j^ul 

Lvi-^j Lo-^-j L) (J^JL c ^j*-^ C- 3 LJUSI ^Ji i-^j-p^ 

i ^~ > ~ ^yi-SO U-> i j-*^~**& jySo (ji ^UJjjfl (_£i • jh^ (Jij-^Ji (jLS^j t U_i 

jLjI (j^Ui^-l c \ *\*"IA j»Ip ^3 t ^LoJi^Jl ^jJ jlS* ?^jUJi 1-LgJ IjJu^o (j^^j (ji jSUj 

4-*-Ua j ^wvjS- j 4 jlU>k>j oJjJ-P oL^laj dJ 4 Jy jyyjJi ^y2yjfl t <jU>U^» 

JLiii 4 \ <\ ^ <\ ftp 4 CP -J ^~Jl ^Ul .JUuSI Jl~ ^jVi ^l . ^1 yJl 

40 L jiajJi ^^ip olX^yJj CjI^p-I ^] l ciUj ^5^1 Ij^Iaj 4 A_LJw3 (J y >- 1 L yijl jj CLj>1s>-j 

> / 

^^LlJi ^3 JUJl ‘U-Lp J-A LoJTj 4 ( Jj^ r UJi ^JU>- ^J-^- JajL^vJ -XiJj 

^j-SC>-> ^yg-yjfi oi ^1-^tJt ji-V^ JJLLs 4 j. ^ J>cJljJ ^Lrfi-J ^^LjLp'yi 

JlaJj .'Vl^I^-i ^iS'j/i JwU^oJl J-A l^>->ej>’ jj*~ s^'bfi ^ij 4 0^L*-JL^»i 

^^-«Ji aU 4 4l-^ljJ»>Jb yA pulses ols^-jjl (j lj 4 4 Jl ?“ j 

. A^+JLi (J y>- 

4 jJyP ^yOyj 4_>- ^»-di (^wLli j/ i ji-V^ wLflJ-3 4 k — sQa-^li ^->"i 

l_Lii ^S'JJ . 4^0 jJLoJi O \jj ]g 1 i I J— ^23 i 4 \ ^ 1 A j>lp 4 ( i y 'l J-^-lJl) 

Ajljb Aja-fl.^ jJyP y^i <jli 4 ^JijbjJ i-i^ L>-^y^ji ^ y^i cLLLoj 'j/ (Jijj N 

_y (^5-® uJ Lo (jj . jA.^ .>/? i j a»^*/jLw 3 (.5^ oJ-^j>- 

. ^illJl JSCJl ^P i^l^i 3 


^yt . ^ Ui_<J 1 l*L^>xJl oJl>-J yis (^) 




jJ j_p J_SLjlJI 

.Tommy Gold 


. j y> i_a j jljjjJl j Lo_»j t y_>Jai y>j y>*-» y jj. 

y> I j ‘ J y>*-* y» L»_aJ_?-1 _ Oj^jyj t yjJI y^-lis y^j^Li 0 L 9 ciLS 

jlj_px_<Jl jj^j ^-~=- H y* yJ-f-j ty-$Uj • 

oL*L?x_il jl jJhjj aJ ^yjy O^* cLo^JL \~h\ 3 ./? & 

" * 

. \jj>~ 4jli^>ta 

* * 

" * * • £ 

LjL 4-J^J>T^.A.AA.i< > .. 1 i C- 3 ^X— 1 1 ^*- 3 wLlwfl wL^AA_>" A AAA. A J P - faXj i J 

Jjou t 4 JIS ^Jl-*-Aj 43*>Lp oli C^->«Jjl LoJ_LPj . 0 j_>- ^3 t (o U J I ) 

^j^i\ .ii j>*zj ial^uJl ol L^JjLa^ . 

^ c> ✓ tf ^ f 

l] y>*SZ c_3^jJl ( j-a ^j>~jL>J| ^3 Aj ^j>«_aIw<J| olx>^^w>Jl jli t A-JU*-|jJl 

^3 o^a 4 ^j2j (J ^J>“ V^.a1j . frj) a,/S? )l 4-P ^j-a ^Lflj J3 Jj ^ t <L*JL ip 

f ^ * > s s # 

ya y>» ^L*5" 0 * * * * yo t 1 yo dL^ yLp *S y-p y ^j d->«Jl ld_& 0^ c a~jIj 

4_w~JsU-a^> j j-^-S' oL?- jA-ij 4 _aj^vJI oJLa jl >— s j y»j • >— aJJI j y>e-a 

Lx a,uJJ A. A. A A/g ia^*“ ^J-Sv-J^* ^^Lp ^'L*— iNl IJ-A O^^JJ • (J ^JLp-sJl ^ ^j>- Jj 

^3 I^S^ojVI Ij^J <Ja.Jfl.>tJ oj^s<^ jiajl) . jij jjl c_3lJl^Jl JJJ ^j.a/ 3.11 ia J j>- 

.(*,v JSU! 


^ Jl Aj^jIjUI aS" ^>«J l A-ol j3J| ( \ ) 

\ 0A 


J 

Rotation 

axis 




speed of light 




Radiation 

beam 


"it, ~ i " ,* j 

^ l-L>^ - . t J i (1)^9 t <L~^4j <J^>- t — flJ-J L^JwOj . ««^J I ^jA 4j Ja_^>tj (^jJl {£j^ j-jl 

. Jl (J ^lp 4>*Xa L ^J»A>xJl -is jb>- jtS- ii jjftli 


c ^ajUI *j-+i 0 iS , ^ A £-A-> ^3 US' UjM i»£j jl>- 

. . x S .> £ * ; 

^JjJj o jli i^Jj • 4>»^>Jl VjA ^|S" ^ {jA olyaJ ^S' J^a>J 

" 9 , 

. J jj>- Jyj jlJl o ^3 Ja^aJL ^jL*J ^j/3/.ll 

taLa . ^JUl (Jl^-^Ji IjJ jJa_>t_> .-lJLs c ^JL^L> aJ ^_p Lx.x_-jlj Lo blj 

jl ? iL j-U o j^l-p ojl -U p t jljjJl j *->eiU o J oxj 

iyt ^yijbJl jb t C^-SjJl JJ £AJ . wbVl j^l ^oJL^J jl i jSL(^i iJ^jJl 

4^J 9 - (_£ J*^_o »Xl I ^^2 jLJ| 0 L> « /? -* j jl lw\„^^^ . 4 j JlJ Ju ^1 A^/2^j 0 *-fj j* ^ AXP” j** 3 

o jp£ ^jA\ jJl ^<ajLJl j| . JJwP 4 ^p ^jA 1 1 Jj>- L*j 

U-? Ojj^ Jou ^ 0^° j^'j ^ J ' j ‘ 0-? cT^ 

.Sal. ^IjpSii 



ol ^ jxJl t jl ^j^^LLaJl 015— ob obi Ia 5 vj*>j 

^^-is lx*_«J I ( J-5j>s_Ji ILLcxj . ojiJ XiLo- IjjuI (_5-Ul jUJI ( j^jLJI i4jilx>i,a 


. AjiJsj ^Lx^iVt SJui j-'J'-i c_~w j_*j t ^iuUl i; 




.liljwA d-_>LS" J-4JL3 4 L^ws,J 4J0U **>1 J^-Lp S^AJLa^o OJj Oj j yaJl O-La <j| 

I -La 0 I ^3 ^ jj L*-Sj t^yijLJl ^£Xs^lj jia.lo ^ oL>-LL« 

• J^' 

The Crab pulsar jlbjiuJI <j-suLj 

^Lp O L» Jap-*^ Lola t^piiUl 0_^J (_£.>jj i_S^ P'iwb>-'yi 1 jL*J Ujj-laj 

, - # ^ ^ 

<C*waj (J ^3- i_aJu 4 jsJl>- .li^j __^A J t £jl>*Jl AatAj«J l~alj l N jl ol 

LoLi 4 L/g jI LwN%»Jg j-LLLlo^ ajI ^Lp J * ^-Lut ^ j—* LJj^J j-o Lo_>tj I J>V~p 

. L/2jU j..,<3j (jl aJ *3 jX) 

“Cofl-i L~>ji La iU 01 > — ->— ; LliLs t ^JSOcJl ^y> .la . ».«, ! I 1.x* tlr^ ^ ^L? 



* — jL»^_a ^j> Ijj^a : jL_ Jl jjJI .Crab Nebula ^Jl- : i,A J-SLiJI 

Hubble ^JjL* ^jLaaII * — j^SOOOI 0 ^aJl £^^01 1 ^*^01 

■jS ^J1 i_j ji Crab pulsar jli> J _Jl SJ^UXa (.Space Telescope 

.>bU ^H\ 


u» 


JJLlj * iJlioJl Oj^> o j^> l)U^ j-lJl j*jJL**» Ij^aj . I 

cj oJooi JU? jjJ ^Jl t Lyi-)l i c_3 LJLxS'N I IJLa wlij . <iULl5"l />Jo ^ijlj ^jIj 

• u Ll^^***) I ^x*>* 

<.r 3 \ I ^^3 Lfljl— ^ ^ I ^.3 lJ~i 

• ^yt ;j- 2 -j i-i -v^ ) j o j jJ jL>*jl>I jl*-> ^ajLJl Lli 4-3 ^ y j 

0 L-L 0 -P j 4 oUU^Jl 4 jLLl>t^o a ^jb ijU^Jlj 

> •* * > «* 
tdiJ.} ^-L-P JLU-S* j . Lis J^s/3 jj ^iJl 4_^jL>Jl ^3 l <L^3 4 _j jL>- (Jljj N C^oLS" !*Xj>- 4 L?,,.,,^., ) 

4j^oIj Cj1j>-^o ^^JLj vJ ijjA~A jt-jJL-- l)U t Aj^vaJl <U>-^<JI pL£i*pL j 

4jlLi>c_^J! JlCsVl oj-A 43 *}\Jl3 *. 43 ^Ili-3 . Lolp iiLs^J t 4 j j3 

. (JjVl J-s^LaJI ^3 oLlJijlj Lo ll)lj jAdJl L . 

» ^ * G p * -* 

CjL>- jp>-il 0 t 4»>- ^<>Ji ^ j>" ^J»P (Jl^P ^A il)i 0^/1 pL$J-*Jl 

^ jj Uj I L*S^ . ( £ ? *\ jiajl) Aj>- j**Sj a 4 »jcsJ^ ota j ioL oLI 

t pL« <5^ ^Jl l5^ _/-> ^ y :>x ~ 3 pLoJI 

( J-S^iJl . ^jUJl j->tj pj^ g JI jiv^ i*-4j C->L>- j^Jl ciJJ J lSIs 

. 4>-^>Jl (J^Jflj <ux*J Ip 


LLpI a} 


-ij I P^-s^J I ^ 1 ) lj t\SS* 1 jj 1 P j-^-i I t y_ r «Jl JXjJI ol 


Lo . Lj yu I jZ o ^ jL VV * j r ^ Lo ly? j-»Jl c5“^ ^Lp c (^L*iS/ 1 




Wavelength 


Electric field 



Direction of 
motion 


Magnetic field 


j_j ^-A-^ Lljjjj t l_LA oj j-. / 2-a 4-A^^jg L. w -4j 4^>- j-<Jl 1 1 , ^ 

(1)1 . lIjLj ^3 C pL^UlJl ^3 p-P-Lj^ jI ^3 C I j 4 -oLi CjLiI 1 j 

. wavelength jy>- ^Jl L^J Uij i>- _^JJ jlui ^ iiL-JI 


,_p» • ■> • ^ 4j-L i»_aJl ^ _jjo _^o _jjLi! ( \ ) 

\'\\ 


^Lp c LJ| IJa ^jU>* L^Jj_L> ^Jij I^J a^-j^oJI aJJl<o (_£jJi 

C»L>- ^-oJl (JjJ^I cS J“ > * J (_^Jl aJLLi_oJIj c jjplc* oJlp ^J\ J^lSsJ! ilp- j^J! (Jl j_L Vi ^Xo 

. LoIp a»*-JM AjsJaj^o La j.«j 2S> 1 ^ _y >z ~ i ^5^^ ‘^-L Ul c 4_>j^joI jJ| cjL>-^j»Ji AJL laCo «. — b 
(, Jy j^»Ji £ J.^.llj t *1 J *±> Jl Co>tJ *L*_Jj V Ij t (i*_AjJ J^SLlJi) AJLi^jJi 4_*-*iVl L^^gJC £-Aj J 
JicJl ) J^JjLdl A»*^- y^ I L^JljJ^I <ww O jJ C ^~S 1 A-*^Jj>lj t A»o>w*%uL_Jl A-*_JjVI^ 

La *jZ£\ j t 4 _^^.^LJu^j cjL>*^® J-SLi jyLp cjIpLcJjL a-JLUJI £L-JjVl 

^ f. J P o 

'w2_j 1 Lc*-o L^jli t LjI j jJ Lo-S*j t • <^y j-*Jl £j> y?.31 j-A ^*_,.la, ! L L^jl» a^Lp LjjlpI 

l^pL^i ^iSI ^ LL>-I t o*La o ^-^-> *J3ji t ^ ^^*1 ^^ m y A cJij-Li cjIpL*^>»L 

• ^^Jl ty^^ 

^j-~SI 4^Jji j\ ^Jl ^U-il 0| • cjVL>JI oJa ^v^Ip JL-* j-A oLL ^ Jl ^o-Cjj 

o JLa ^ Lul_j . l^-dCSo ^JJL>- ^3 i aS y>Jl Aj*j C>L j jI^JV I /y) ! 

. AjjjwJI ^ySL*j Axo ^jSJj t Jl <J^>- <1)1 CjIjjjI^JVI 

jy>tj ^ lap Vi j-x^>jlw^oJi ^jl>o (^jji jL>«jijVi <ji dJLJi j-s^flJi ysSij 


JJJ 3 LJcpI jJj . cjL j ^iSJVl L <^yj c 5^ jj>Jl j-s^ oU^- > Jl jyj I I^Jlp 
4^oj <1^23 L)tS* jL>bj2jVI t 4y ^-^1 4 j^J^VJ 4j1 

LjXaLL» J jj ji L*^J JJ 3 tCJ jJl ciU^ ^3 Ojy>tJ ^1 CjLj J^jy 1 Cols' 

^Jja Cjtla jl J <U-S jJ>cJl L^XsLL ^-ia-*-a OXa3 1^_>I Aj *!>\3 t ^Jl^—JI ^9 0^j_>- ^a (Jl V C L^J 
JlaJ . I j*s>x-a l^-*J j-s^l^*J! C-^3 ^Jl ^3 ol ji (^^JJl ^J-*-iVl ^Lo| (jlS AiLls IJlSIaj . L y>- 

r „ i "f. 

. ^ ^>tJl ^>" Ij C-s^23l I 4Ju^Jl ^A dlL ColS 

oJlA j Ij I Jl 9 «ul C oLL ^Ul jv-J Jl^>» (J ^->“ CA>to L^lSL^- ^3 c ^_A Jo j3 ysjdjj 
j j <,a.xjj t ^3 ^LaJ^-*^ yjjj« cJV->" ^cJ-^ ^3 t ^ ^oA ^Lp t LL^l^oJI 

JjI jlS j . (_$3 Lj _yJij J^SLLaJIj tCjjjl jL>- ^jJVl ^jjJj^JI Jy>o>ejJl cSjLj^JJI 

Co>c-Jl ^ySL>o>Jl ois jl aJU j . oLL ^ m-JI ^jcJ aLJ? a^JI c->LoljjJl ^3 JcLa 
CwP Co>c-o (jl 4_jLp k^_^J>-^Jo ^JJl La (jl ( - 5^L> ^Ijl . ^o-C*Jl ^3 Lo jJLv^2_a 

f- V ® ^ » f. 

Loj C ^aVl |*J AjI VI t I J-$-S (^jP Co*t-Jl> Lc^-a (1)IS ^^L (1)1 . la^../2-l L 

. ajLaSJI *u3 Lo a^Lwo>- ^jSo ^J JCo>- 4 J Aj>-bia cJlS ^Jl 4 j^j yo 2 jJl cjLxaiJI jV 
jLlo . -A . 3 JL 3 ( j^a t \ ^ "l A ^Lp t jJLs^JI L-il-JcSI c C-3lla <» Ji J^>*l ^^3 t jJj 



Name of Region j ^spEre 


Wavelength 
cm) 



Violet ' 
Blue 

aj 

r~-_ 

Green 

<S) 

Yellow /- 

> 

Orange 
Red J 



■■Opaque ED Partially transparent ED Transparent 

oEjEJI t \ y ^ V y J jiDl !Jla ! £, ^ • ^J 5EiJI 

. «u^D?L ojE- J1 jb 2 


d^E^f ^Jl ^3 t EE E-« j ^P ^3 ^Ji 1 1 ll ^ y3 (. E-Jw-*-flj i ^ ^ • (J? ) 9 

<■ Ja.A3 Wa 3 ,1 )Eo_jJE) oLs/a-jJl jjt 4-dL^i5”l jD Ea <Jjl E)! • oJl>*jloJ| 

o j**# $ o ^/a->E y& E)^ EJEJi djE j^d\ <z.Sk.*tS . ELc>-l ya <cJc£^Ji\j 

JL> rr j\ t jai» iJiiM ja *,*rr iLUU 


t^EEll y> Er? ^3^ ci>^ t EJU JDJl 9*yi jy»jJl ol-L?-j ^»l E LJIp (0 

. ^ ^Di 0 ^13 ‘Ef-'^E 


nr 


L>-LLo <jll? oli t 4 _p j +* j ^ol jJi jwLva>j <. 

optical oU^J ^JUdSl 4 ^ ‘M ^ ^U* y? y^' 0^15' i 1 (_yi . sy-H tiy^' 

ii y iajj_>i yip yLn-aJl i w iLiiS'yi Jy- j jJsJj . oils jy y^Lp pulses 

' * " > 

■J-vs y y 1 jj- 4 ^ jJLlj-ij ‘ ^ (vJjj ^Jt Jli y I J-wo 

i>_3 LddSl ^-p ob^j>-l O^lp j-**^?*-* d-— «Ls j . IJjJ~ijL> 3jl j-d>> 

s__/L*— j L_ ■«. i» 5T — ^ — j-A ^jyA 1^ 4 ^ ^3 i-Xb" 4 4_j <——J 1w^2_^j 

Oj 4 t j ^ ^ JidJl ^3 C 4^jLdoJ I j ll d>l jll? I j-^Jaj j . Uiul jlSwi j-> ^3 ^lL? 
^li: ji Oi i— i-^fT jjJaji d*->cJ ^JL>dx>Jl ^WJ JJJ . c— ^LdJlj ^cjfe ^yajLJ! 

'"' 0JS > » J „ 44 „ ^ 

. d-> l^gj LI ' ^j>a ^j^rjj ^J«SCjLj ^ j-o-M odJiJl 

^SCLiJl J^^b- ^jA tl^Jb <dJl *W 2 Jtlj o^JLoJij iJbJl op-L >- j 

4 ». — ad! jSO cl) I j cl)ld>- j jL/? olib>- j d-> i J-ib . cr S\ p-^dLJl 

d 3 L»'V^-U (j£jJ>e_Jl Oj>c-J| j£s>*A ^jA 4 Addii ^jddwW ^dL^iLd \*~^pjA ^jA oJL>-l J 

4-*d»l ^3 Cj L yadJ I JJxd jjil jj JJLlj . 4-*_Ji>l ^3 ^d>- ol 4oJu>d<J! 

jXy2j 4 dll? O - ^ 4 4_j J../? ■« !l <L*-J^> V 1^ 4_>^_Jj] ^3 dL*-ull ! cl)| 

4_>ldj& OjljwO 1 Lj 1 ^ g 3 IdJ^ t gi ^ jL O'^J 

^yi C ^vO-jUJI ^. la -^ y» 0l^> y 0 A^j j t LajI~j LaLuL^jj (_y-^^J 1 

' * „+ + > f > y 0 * 

. t ■ j./g't ip y oUk-^>iJ! iiy>z£i Jj...^~ i jpJl 

4. ^ iaJL o-U iJLJI yJL ^L>«_Ja! J^ip ^J. -tf.-axj 4 ij C jLo_^-pcJI oV wlUi 

■A-L^-SvJ 1 4jLL> j-ii o^y: ij jJj yJl ^Ji.,(9 i Ji CjliLLs i i*yi 4 ala: i i J ./? ■ i l 

(O. , „ 

• ^-'y' y 

JlSLxJLj PSR 0531 +21 NP 0532 C>\b j ~. Jl ^3 ^ya-'LJl i jyxjj 

jliia ^ ^yajUl }y>-jj . i)U>t— Jl ^yS isUaU yljVl jJ-s42++Jl 4 j! J^Ujj c (i^iLi yS’VS 

y*— JL^vw»Jl (jl yk l_LlJi . Uo Ip b— J (J-—^ 1 4J^ 4_i yip J 1 l l/> ■ > la p I J a 

ojSj^i Lyl j t (yl — it J^apJI y Y*, Y i j-liiO i-j y>r^ y^cPy ji j^JaP^/l 


C j t yjy I y *Ui5 m ji J+r*“ -me 2 ^yh.t.+T ^JjU+o i ^ - ia «i E aiLLJi o\ (\) 

. S-^^aJl 4jp- 




Variation in 
magnitude * 


/ \ 

/ \ 

‘ \ 
i i 

' .\ 

I \ 

/ \ 


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 

Phase 

AjL>x_^ j J. ./3 a 3 ^ujLLj ^ ^ 

. < c >Ul 1 ^Lp j* j 0vLvJl 


4j j_S" t t La Jj>- ^Jjj (. (jli { jp£2j\j (jLi l«AJj • 4-9 *Ap ^j-p 1-U-*_J 

. jL^dj'^/l ^3 ^_a 

ii jJU ^1>- l L^laLL> ^a . aj jLt> j-wJl 4jU>t^» oVi -ii 

’ L/°J^ d^JLL5^J ^llij t ^2 jLJI 

Binary and Millisecond iJC ^^JULjl L yaJjjj (iJLi)l) 

Pulsars 

jl*_> '^-~~ a jS y y* 1 5 jj j ■ ^ Jl i l jJ j_j ^ijl^jJl ijl 1 0 1 bLJLs UL« c jXu JJi 

s a J _ „ 

L^.^jx-l j> c l i ■ .. < i J jP*- i— jjJJL o jjt> i-Lo . ,•» la P 1 JL— <J jU>uljl 

-- ’ *» ^ ■* > 
iaj jj ol c JjujJLj . LJl^J I J >»L>tjL> i — ^ l «,/? > Lg->1 [^S t L^jjJJ U?Lju 

boLi* oj ^Jt Lbl U5 c L^jLx-jI Lj ^ajLJl ® ^9 4j (^bJl J 

Ja j <^Lw*j>- (J <ui] ^3 Uajl ObT L»-LS^ c 1 j-o«p oLST L>-lS^ ^i>LJ! L)1 

no 


® > > * 
o jJLdJl ^-.-3 1 ! 4-JLJl AAj ^JaJL> tj-Lta ^JL> j t ® LiJsl^j .la, ■»,*». > 

\jJJl* L yju\^\ > y>S' L5 ^ Aj^J^JIj to j1a}\ Aj ^/asjjj ^jJl Jj»*-<Jl 

. OwL^a- OJ j).yg > 

^Jlc- j») l^Jl ( JS ^xJl LjLu Lo-w^j £ , \ Y J5LJ! L j j 

!jw& ^jjla ^i-p) 1^->I^I3 ^3 (J-Xx^jj iC^ibVi 

j a Ja la-> - <a 01 L»JLLo t bj^s* oLj jjJajj a j_^»j •» .g 3 ^3 JaJa>t_«Jl 

^ * + Z ^ "’ 

^ ^ ‘jl lx* ia^-^j . ^»ja>«jJl jjiajj *jJLj j*-g-9 <_^3 lx*jio 

(_^jjl pJaP-Vl jjjLlwwc Jjil^Xi ( _ ? Aj .J,\T J5biJl ^jA l y^')}\ t ' J ^- e ’Vi ^..... al l 

. eu A*0j 

^y3 oLjJl 3 “X*ji ol J-> N t ! J->- 4 . /? i .i ^A ol ^X3 O’ IS 4_LJj (_^4 !jI jj .iJlXA (jl 

<LbL>i_a j _j-*j) 4_oLlj 4-a...la il Jbs-J) ^JLp *-JJ . ciJJ.3 ^jA ^J-Sl J-® ^4"^./'-® 

^jA ( ) jAj L&jLo-pI 1)^3 t L^lj^Sb ^iJI 4_blx^Jl bbx**>l^ . ( £ 5 ^ Y ^ISbxJl ^3 c Ojjl Jj 

4_ilx>5_4 aJ*>L^j L^JL t £ , \ Y JSLlJ! ^ jJiiJl J^AS- t £■ j-oJl ^-*_JLj xSj ■ /‘Lp j jJ_i 
LJLLi AJU jiaJl ^3 Lg-j/^l ^i_P (^jJl ^IXiLoJl jj t ^L*-9 <^Jjj-^J ! Lol^j 

» ^ -” >p ^ ^ ^ 

L-A>I^j Lo i *> I U Lo-A*-L>-I j^Uj <Uj lit]! A^o ^iaLoJl c_Ubo^ 

o ^3 LiLj>-l . 0 ^ ^j>e-oJl Aj J t pU-JI ^3 

Oj^Lj jl oi>j j^ 3 Ij-Sja»j . 4 I 1 SUJ J^L; l5^3yi j-*j c jrf 

■>* / -■ « f ^ ^ ^ ^ 

ja.~j3j wlij . jt-Ja-P jl t iiLiSjl jj j^j L>->u JL>-I 

* ^ > _, j __ t (. ' 

Is g 1 j L«-> j-oJ J- ::>c - , O^LoJl oj-A j| j*-> t ^jjliJl O^LoJl jl JjjM jr->sjJl jL^jaL 

& > > , Z " > 9 A y ' 

( J-Sw» ^ 1 -P L^j t— aIj L^j Ja-c>o 0 jj\$ jU 5 J 1 P 1 ^ JlLp j . 0 ^l ^£<Jl ^j^jjJl 

ib^j'j • J^c-aJl li-A JbLlJl 1 ^ 4 J • J-^ tj J ! b 3 i 

jLo^j/l c. a *1 *? tiJLSjL?- v yi 4. .>^j t LJ t_i_!j ^jJI o^L^Jl 


AX-*aJ 


o^J_*X<*Ji A_>-j^^aJl j^j/2-^Jl oj«& ^3^-3 iy* 1 A-*-Jj L> o^j^jl <L^P j .^.ll 

• J-4i4Jl ajj-^aJl al* ^)l (-ij— J . 

. Aj>“j^J>oJl A_*_j V 1 x>.j AjjLa» t J^J 1 |jjt> jlj Jl >- j JLflJ j 

^3 jl a lj jl ■Xj.oJ I t 4^jij jJl ^jj>tjl ^\ v— Q .S y jl 



-a 

o 


o 

D 

4—1 





Period (s) 

jl*Jl oL^a-iLJl a ilJLpl Jala^oJl IJLa ^9 JLs»- I i, ^ Y 

liL* c la P o! ^A L^J^-siS’l <1 )Lj J j^-Aj 4_» ^JajJl Jjjl yL> ^A^ ■ Jj-o-j V 1 

. A-o^» ^ ^>*j Lp>k-^J i c->L^uUi o| J Jl J \ ^ ^a dJJL ^jA 


£ 5 ^ £ ^jw^-*iJl Llj t 4»L>- o>i_A ^Jl L^jb A^sj^Ja-La j j) la_) 

Uwfcj ^ <b>- t IXJj t£^ji L5^ Jjj^laiJl 

S' <K .» * 

j*_>cjJi jl . ^Jl ^J-p A^->tj aJjlS* Y • j A cjL^-bj ^jlLiSCj j t »J V 

^r, « ■»/?-> ^a *\ 5 Y .X*jj) . U>»>cJ>- ^*£1 AjV t ^^* , 1 

{ jjz ^SbkJLl N Ajj C^J>CJ l_L>“ <b» L>r *,h S I ^yO ( A_Lo j-laJ i -4-y2 j t Li*>b^P Lo-J>iJ 

. l g *"-y~-l Aj J-bll J-f-^ lj d->tJ t * Jl ^o ilL>,Lljl 

(3-XJl (jl • Oliao^Jl jJ» (JljLa ^Jl^ bbl^l C^AjJ-bJl ^ilD) J jJL J 


nv 




Large star Compact star 



lLLL ^3 ol L .^jL aJ 4u>-l^<Jl ^r.lg ««. 1 

4_Xj ^ 3 <. J t jU>«Jl oLdJaJJ 4jl^ p^JLJI . Ulp IJLo L^wi 

' ' > 

J 6J^ L^j t ^j>*j jj-j d)Ljj->«Jlj 1 u»_> oLoJl 1)L t lLUJl] ^.^cc 


«o-» 


^yxaj (i_j)j (!) ol^j (^JJlj 18 j>_5^_L5 JajL<Jl Jjis'i/! i^s^-*_>j . ( « -> ) “lLj-^JI 

_ / W>l olSLl ^1 jLl! Ja J jl 1)15 ^JJ! \S\ i)\ V~P Roche lobe 

<a 1 1 I la . 0 Ao * |>L p t 4J ^-iLdl 0 j-*- 9 jL-JI t_~5 j5l!l iw~-v~j _L»Jl 

LJL-j . N JlSLiL i'Lii=>-'yi L»^c5L»J c c~>L1jc^')/I 

*)_*_> j . “L>xJa-~Jl 4JSL0 ojL-J>- I J-o 4jli t (jij J ( j3A {jA y~S\ jA L JyJl j*j>ejJl jXj 

U>^>o “(■ ! jj 15 jlj 1 1» l a .pl lyi-c- j»->ti)l OLi 1 ^»Ip 1) j~L> *t,A 

Y £ ^^L*j a_1_zS" -Ai 0 Li5 (1) Ls t <uL uus ^Jl - Li^ _^*- } 

oljj L> ILaj . (( ( _^® j»->^Jl (j-f ioliJlj iiL<i<J! oUl jt-51 4^-xi 1,^1 <ik5 

> s £ ' 

^y^-ij^cj! £-^3jj| Jyll Uj (i) (jls t ^>li>j! . (^) <dj>- ^«J| ^yS 

_^j c supergiant jjapl li*>U-P jU? uS « ( _ r c’» l>jSl La j . ^^51 i*J)l 

L-ojstcJ! ^Jj-ll <1)1 A^y>'b ^«— ^c-Jl ^1 l)L^>tJL; l-U-jj (j-j oLJi 

* ci^ 0^ oL>-j^ ^5*^1! JSwJL t ^L”! aa-L! s_-. . ..*q oLa 

UJj . l—Lx! lj^>^ < 4A j\a* A - l l c *Lz^Jl (jLici 1)1 IjlSIa j 

jJ-Lj Lg_i La 1 iS'j^uLi jA <J j->- jj^> lyll f*- 1 ^ lx? I *~* 4_L$l!l cJ15 



A 


(a) 20 M 


8 M 0 t > 0 


[b] 18 M 


0 



\ T '' ' / 

v« < ' 


; 10 M@ t = 6.2 million years 


jc) Supernova 


m 


! 24 M® t = 6.8 million years 


24 Mq t = 10.4 million years 


(d) Compact 

remnant j Vs' V' vS?' 

V "4"' V 

JiL: i As^jzy * Jl ^ j)alA j jiaj i £ > 1 £ 

. Lr ^2j| 'iLS ^ M o ill . ^ oUi! 


cLUJJ A^SlS j . LoJ-iP tjljjOJl ^J-P 

jjJj i_S j j^>T-g-aJl (jl_i £-3 LjLs IJLSsJbj . oj^v 2 _i jjAj i»j 

r^' 1 ^V-*wWV-s-*«vi^ ( ^ ® L*A JL>-I oi -C*-> c 4^-da.P 4 s> 

. supernova 

Lgi \ yj J^U; j£\ millisecond pulsars iJtf U J^\ jy ^'jA L* di!i 

«LjIj ^ , *1 od-A 4-0 lj L 5 JJu^Jl I J->- 1 0 ^-13 £_Lo j C 4-o IxiL wJj 4-o lo ^LL^JL 

iJlA I jo 2 -JLlSl J-3 jjJulj J-^~J jJlP“i j-9 JjJLjl O^Sj • J 

. \ ^AA ^Ip 

ijb (J *> 4 V>-^^J w oJl j jiajj 9- 

— 3ljLA^ • ^J^-O ^ 1-) C ^ ^>oja P I .^S * L^. *. jlj Ol 

* * * «* < ^ ^ ^ 

. \ Loj jJ U^j La£ 'jj iSJu t L^-S^SsJij j 4 >j jJaJwoJl jL>«j2_>I ^3 

* « > > - s- „ 

( J-5Cjj (^ 5 -^' ^ J <^-aJlJ! 4_*j j^a> Llj-d O j_$s_> cJl 

• y# d->L^ j ^ lal-c>J pLyiipl _j I yCji 


n<\ 



PSR 


1913 +16 


.... ... 

4jLLz 5*I dJJi jjb t l^J^o d-LliSI Lo Jjlj t ^ j^Ji ol 

t \ * * * o^Ja.3 £_Lo ^Ul £-1 Jaj'V lH ( j“* c yTJ J-I J-* J-^lj 

k_3^JO ^JJi^ t Ijjfc . (£j\0 ^3 

jIwUuj c 7 - ji y A£Lz <.'J^\ {J>j J> y ^1 iiLiNL tPSR 1913 + i6 ^ 

^ ^ * * <* > " 

^ij^- JS 4lxS" ^J-Jj t ic-L*Jl V £ /T £-Lj l-io>- j*+<as Cr°j ^ 

^ Juk^bj t <Lolo lj? JlL<. 0 ^ ^0 0 ji- a * b ^ xs ^ajUl ci. LLooj . ^j~ o ~»!L!I aJLxS" ^*4 \ , £ 

Jo^X- J^o<o ijl ijSLb-i { _f&J l AoLiJJ 0 jJll~~B (JXjiJl oj*Aj . OjXjjJl oJLa iolo^J l./? il ll. la i 

^yi ■ ~jl ./+ .’. il J j^>j ColJjl -la..' jX^o LiJLi»-l jo>tJ 1 4~>lo 0 * ^JLo djjjoj t ipLo 

. 5 ;_,a 


^ajLJl jJ^LJl t j— jjLj^aJl JJLi-sJX—lj l oJUd C-^S ^xJl iix oNl +^^>*0 j 

c Jo jj o^jlo^- jjJjIoj jj ^yB JS" Xj JjsJ . 4_o.>lo»<jl olo j-iij jt— X>- v y l PSR 1913 +16 

. jJLjl ^ajixll j»o>tx!l IJl^J La^jLixSl Jj>-i (j» t \^^£ ^>Ip 



> f. ^ _ o , __ f 

«-lj|jUil ^J-iXw J-*J tlr? c_^ Jj -la-li Ail ' £, \ o 

jj o| » 1 jjAJ t, f-U 11 y* 

. ^U! j ^ * i -^boQ ^j.JaJl ! jjfc 


\V* 


{< <LijLuui)) 4 xuiLiS CjIxLuj L^jLIcL ^Lu^uljJI ^^jJI 

j Lk^Llapj CP 1919 ^ajLJI ^->oL! aoo^JI 5 ytjz}\ 01 aaJL>- ^Jl. L ^ol ^LiJ 

Ui? J U t P ^3>*Ji ^3 L^> yK/2J>- J C ^<2J i ^JJ A-^JgJOftJ I OJ^OjJl 0^>03 J-flJ , Aj jsLS' 0*>L>- j3 

o*_>03 t 0 j-dJl oljwoL<k-» ^3 obLioSI ^1 j t a-oLj ^JJ-wJL> ^»IJL> ol ^> 

a-^oJL ojLpL^JI ^LLa aOljLJI 01 A^jlixpj ^U! c aj^Lop! q ^ c c^jLJI 

. A^p^la.)' ^JbUiJl ^1 

jl oijJl jl t Universal Time (UT) ^L*Jl ^jJJ ^JL>Jl ^j^lSI 01 

. idealized caesium clock aJIuJI apL* oJjl>- j_> J-Uj i <U<JL*Ji apUJI 

v Aj jAJ ^S-3 (. aJaJI A^ajLo-oJl ^3 Lai . ^ oj^ O-UJ-O ^JlP ^*LwJi cJj& OOL*jj) 

aLlui ^uj^i oi^o ^ mnnvv* ^jji 1^\ UjLopL ajlji 

aLn^L&JI od jZjl Jl Ob c JL>- ajI ^Lp j . S jJJ /^J3 wLp*t^o ^-jl!L>- o^ JLILljOL! 

„ * * * % * > , 
iyt ^ I ^Lp . LaLoJ A^jL^J-a 0 -™J AjjJJI O^/lioNl od-ft /j-a Jjil jl j ^Xj| oj^^jl 

^JjLa oJ-»J-P O’LpUa OjN-L*-a c_jL— J>- J*}L>- AILiL) AOa^j Od jSL3 0 1 ^SU-Ji 

U5j t AIL) O’ AOaj ^-uU-a LLjI la. pN ■>/? $1 J jOJ Av 2 -jUl ^ jJ>*jJl • °d_A 

. JJ 3 J-*j LJ ^w2JL -*-*j 

jlks-Sf jNl ^_jL*JLj La <J^Aj>* A«pUJl O LsJ JLa j JOL) 01 LJ 

A^LajJl o jJLflJl ^3 aL^?L>sJI oLUiDI ^*>LJL ^ ^A) 1 Jjfe ^Lp ^y^SJ > tJ ^L>-j . ApJJl 

01 LJJalL^I jJj . oUaJI oJa oLpJ^a jAAa JO-L ^ ykj j»J L I 1p-J_>- UjLllpL 
^jjJLla 0 01 i 0^^ C A)lj tj j]&\ A^Laj 0 ^13 ^gJla ^Lp oLIaJI oJL* 

o ^JJl 0-1 LS^ LJJO l I jJLaj . oL-UiJI p-lj^-l aLJ? A-^L-aNl AOajJl s ^idJl o^Lo ^3 
. apLJI aU o^bjl j t Jil Allan variance 0^1 ^jUj 0U UJ5 t J jW AOajJl 

^ ^ \ 1 ^ ^3 {S* j* ^ ^ '*** ^ 1 t ^ ^ — >*-J 1 AP 1 Lw^) ^ )l ‘ w J L t 

I -Oj jJb ^_J t LtfOa v — ; J-U La jl A-s_jLj 0 j-J— a /^a o jJL3 J>Li»~ ^3 ^_Aj ^_jL>oJ| 01 *— A-J 
A^oJL t ® _^Jl 01 Lo^j A-s ~JL) Js jJl 0b C jJJ^ /^a ^JlP^ . ^L^j'VL 

^^ijLJl 01 Jib t PSR 1937 + 21 1 jr->^Jl ^1 

C j g «L 1 1 J^J-P c-3^0 ^Jl o j-w 2 -Ji ^-ajJl ^j^-oLao ^3 t AjjJJI ApL-JI /_j-a ^J-3 1 

"■ ** s ^ p f. > 

.IjJifi \*y>\r Jj>- Jyjj La33 a1a>o La jAj 4 J jJ^VI OajVl ^3 1 ^-JlP (jjAL aJJj 




^ <pL-J ii jJwvJl LJI jJl 1 j> L ijj \ £ , ^ *\ 

. oL^Lill L^-J Cj JL*- ! o^LaJl ^ 1 »P jj^-<kJl (J-^JJ . PSR 1937 +21 

" * _, c 
. (jVl ^jL* 0> L^~A-o c <pLwJl djLo ^ip tJ *-i— 3 Jl La 1 


^JLp <lSs jLw^o c-wJT j-iJ t^JLJl IJu-o ol e-j-o-U IaSLaj 

4_4-<^JLjl Awcut-Jl (* jj>cjJl 4_^i jA d*Aj>- {j-* t i)\ IjJwSs-^j Lol ^isi • ^«2 jLJ| |*-^>oJl 

3 jjLSl t j r A JJSI jA l j*~*j>*j i j r A olia^<Jl La 3 _^aJI ol t oL 

oJla ^3 Cauls’ Ju>JL*j ol luSLwj . ^j^IjLJI j*J>oJl jL*-a U.T ft^l*Jl ]) uti^ 

^-jlxa ^jA I^_i oi • oLl CjLpL^j lAjLjlpL l 4-02 jLJ| j»^>cjJl ^J»P <LSL>Jl 

0 * } y > * * 

jl U>-j yaji ijljp- Jl . O' 5 (J^O; oljlijl J j^->- t LoJLs- ^»L*Jl ^j-ojjl 

. j/ ^*1 t Oik*, il AjO ^5* 1 CjIpE-J! O^*-- 0 0 5 ' J ^y-"-* 1 kjjhJl |»j^>tJl CUjIS 

<Lu jLaJI uL jisa ol jLu.%lj <C,<AilMI ^ ^aJI 

L e-Lj-kl pLOp Aji-J.} O’l-pL-^ L^jhlplj t «UkaEll ^»^>oJl C^-LpL*>j UJtj 


•>- 


10 


aJU t a^p c^-o-L>Jl ^»JJL (jJ-Ulj cPSR 19)3 -|-i 6 ^»_^»Jl j*jsx_Jl C~jI Jutls 

Einstein’s general theory of j i \sJju')l iaUJl cj! y^Z 1-^- jla-* 

J-^lk ^ (J^--^ j-l j yjjl-aOl-; t relativity 


^ VY 





jjj L/X o IS j>- l jS- SjLp (S) 4 o 3 L>- ^j\j (M) ^jUaP •& y>- d> l ! 

La I <Jl o-o>- CjI^*JL**Lj ^jp jL-Ji V — Sj£. II (jl Jaj'-N * cJj->“ 

. ^...^.o..*^- ) 1 . «/?>x-Il AiflAi ; c(P) aJa. A*-! I ^5 t- +£ *_Aj LaJCP (1) 


. ,j_w*L>Jl il ^3 ^>jJaUJ Lis^j JL>o (1)1 1 5jL&Ji <1)1 3^ 

ia... « o *y 1 i-o3UJl d)j-ili ^j-P iju>* AjlLl>tl> 3 i_>lju iHUii 4^™*jJl <j jJaj I JLo j 

^i>t3 t Ij^a j . LgJli I UjlkpL 1 <UL*jJI l ^p , I ^pVI j t I^lSC ! j t i ^5 

- ^ / 

t 4-33 jJlSI CjIjLjL^I ^Lo>c_j c 4_A-*JL>«J I < ^l k J Jjl c-3 j^-i 

ojjt> JjLo 00 LS* JJaJ j . Lo Lp jj <w?L>- ^_3 j t Ijl>- 4 JL 33 oL^Li j 
4o3L>cJ! ^J-P 4»L*Jl <U3 1 Jw-^2_>a o^L j ^3 t 4^--<oJJl Lw3 j laj^a 

. 43 jJ I 4^li ^Li>cj 'L^ljLji>“Nl 0 J-a . 4*0 

* £ * 

The advance of periastron ^Su^bJI JJuJ 

. I 3 t 3 jLLip jL^JI ^_>“ oL>l Liwja^j j;jJl jU>"1jJ 

jlXo ^3 ii j^>zSL) (j! l a^l> j-jJI ‘L-oL>tJ! v m^>o j c ^jUap' ol ^ j ^ ^ ^JbS3siJi Lo j_> 

* LJ 1 W . tf L I I L^p Lj c I ^ «/2<* > 

jj U^ J t JuJ-Aj lLU^ ^jliiP aS j2>- 0 I 3 t JU>xJl £lJ ( J ^3 Ual 

perihelion ( ' ) ^M>JtJl dUJL J-OiJl J-^aJ <_$ JJI Ja>Jl ot . A JiwJl ^ 

^ jLL-Jl U_~S" jl-L« ^3 Aia4j » — > jS I ( \) 


wr 




^3 I 4 JI AJzlaj c. j j£\j I L« c SP ia->xJi 0 } i ^J^aIJI 

. 4-3 ^JL^o t Aa j4^a.»J l *-la-j <_y* jj-b c ^ jAip 


■ JJ J* £"'° ^^ 2 '° 4aL>tu)I ( *jA WJ 


oJuJlP 0 <JJu _9 t jJ^J> ^Ul O ^Jtll ^3 t, o .i) i^LwwJl iA-A ia_>-jJ AiLi^ 

t aS* ^>J! 0 jjb ^0 U^» I*Ja>- C-3 J& JJlls i~lSCfc»j . ^ji yZS <Uob>xJl Aj jh) jU?J ^3 4 *o^-aJ 

Aa jialoJ 1 ^3 ^ ojl~-Jl v— <LoL>- o^ t \ A SP Ja>*Jl ^Ip 

p ^J l ^ i 9 t ^ ^ Cj^ j) -* ^ ^ ^ 

•” 1> ^ ^ 

. wij jJU> jjJ ^jA jjl jlll ^jA J-lvS j»— i Jjjls (. di!i 

£jj ^Jgj ^jJl £,\ <\ JibiJl anomaly 0 ) 4 JjL>JI oJu iJLi ,jJu> bJ jlr^J 1 

o^Jw? oU.^Ji> t Llj^ii ^jLJjJ t ^iil aJALoJI 

' * ' > ' ** 

a>-jJlJ! bJL~3 Lo lijj . a^ ^jL^j L^la jt-^5 4 Aj ^j| jJl L^i3L>- ^Ip o j^y° 

Aja^jjJL c-3 Aj^i J-U I ^j^LJLa ^Lp t Lj l_t*JLA La-*~- 3 *"l * C 5 ^i ^Ji 

** ^ ^ ( Y ) 

Jwvo>cj t j-ill 4 Asj j U>-v-j T * ^ jaj jvj • minute of arc 4 ^ ^all 

^sUJl til j!5 JuJ j . second of arc (=arcsecond) 2 L- jill iJlilb ti_^>J b> 
tr ojJi ^ t ^j-» a_J| t. ./j. >cJJ anomalous shift 

. aIp 4 jU ^ AX^y y iJU 


— o-aIJ I JjJl aJ <iajlj i^j ji\ {Jr jilt- j ^jljJl -X«Jl 1 <Wsl>«Jl ( ^ ) 

^jm . 3 . ^jL»— < ^y>« J ^5 ^Aliajl c- ^'" • 3-^C (T) 



. OwL>-!^ 4z>-j2 jX- s<S> Ij oli-A 4.1 aL^J I 0 J (jl • i y ^ ^ 


^jJJl *LJl*JI (JL (jLi-j»N cujIS' JJLLi l \Xa ^ <LoLJl aJL^JI ji-pjj 

B s \ * * 

. LaUa.l>l L 0 jj \1 ^3 1jJj>~ j wX3 1 

<uL> ^iaJl ,^lp 0*Ju>ol Lgjj SI C ^e-->r ./? 1 1 c— >l^>eJL 4>al*Jl <L^jJl (*2->f-L>- ll&lj&j 

O^lSl Jau-^aJLj *>1^3 l^Jl O j-^lj (J y>- jLw-Jl <w S I Lg_> jj~L ^ill 

* > S K> ^ f. 

. 0 ^3 i <u/?L>*Jl *^oIj 

t j-^j 4 ® jL^Jl jSU! ^Jl i^SjUl j-* (j-^ 4 c 

0 jjfe J^i-p J . ( ^l l !L ‘o lj ^J-J J-O ( j-tf J^L! <Lu^L>c3l i-J jii-) C y!>Jj C yj* .A/3 ll (JjjiJl 

4-J^P l^.LygJ>- C jjl ^3 iS.*Ji ^Jl jia^J jl LJlP ^oLljlxJl 

jlS" PSR 1913 + i6 ^ <jl ‘•-i-i’ ‘ * J-5LiJl ^ t(_$ 

^ - tf ** tf " # * 

^--P J-OJ U^:.> -ia_>Jl • L* j*/3*i Ijl-La Lo-^-^a t 4 ^j 

. ( ^centre of mass of the pair ^L>- j^Ji iisS jS j^j Js'jj*Z ^UaaJI ^ iijC j-laJJ 

ji s / i # ^ 

. ^-w*Jo l .^,,^.^ ) 43L^<Jl oli c LJU <ksj| j-o 'uoJJ^aJ c ^JaJljj 


t ill>Jl O-La t j ^ oj . tls^ oi— Jl>»J JJ-vCZJ ( \ ) 

iw-> yl l)l^o (l^i (J^^d ^ ^ j** 1 t jt&j ^Jjbl j^JLiiaJl Jl?»-I 1)1^ lilj « jL-LLoJl L^Jl & y£u^j 

. ^LJmLoJI \s£- JajL>«j f\f^“ t ^IsLdlill a-i_A 



"aO 

oIjIjl* ^ tB 4_iil jA j t A ^yijLJi .' t,T * JSClJl 

Oj£jj . ^L^slaJI LoL> d)j-^j C L^-L^ j-4 (j! c a_) 

. L^JOl AB 5JLw_<kJ! U j_£0 LaJlLp cP j>*Jl ^^3 

. C-. 3 jJl jj CP oUjNI (1)1 



^ x » (. 

O^ljI iO.>A>wo 01 t Jl>- ^3 

O&jLj-pL L LsAjI C ^jliiLp _ 1 <0* ^ia^o 01 <• (JO>*Jl £3 l_J ^3 t 

As^XSj i o^_a ^v^o0^° Cm^j 3jUa^> aJjlS* ^jJsj J • 4j>- j3J_a j la » 

3 jliaP- k — ; jj>- oji C-oxJ 3l$o N 00 jj-o ^-JajQl <J jOJJ 

^olAjI jiaJt I JlA j . ( j~s_JtJl y £-a \yyu (JjUaJj Lo. qS i-X.5? y 1)1 -ij ( a! . 5 .5 1 1 
1 ^ * -) t ^ ^ «*■■)! ^ *. * ^3 > C^J 1 ^ — ) — S_J S ^ I 1 — t 1 ,— l^~ f ^ .-.- M-— 1 l ( ^ ^ Lj ^ - A I 1 L*J Jj* Ln*J 

uLo^tJJU t «_LL3S (— > ^5> jJl il) Ls r-j.iJ_«Jt j^ooJl iJlo- ill . L, yJ la - -la) Li 

^ylf- (J j .,^? , > tjJ i jI»^>xJJ SjIpI 0 Li Ij^Iaj t iijlii>i aIiS" Ij^ (B aJLsjj A ^j-iiU! ^»a>«JI) 

two-body aISw^j i_i^«j ^ } • a^-" 1 j^ol j_A ^Oji 

^- N il jloiU- jJlJ o>^' JS" jbjliu jlxkS' IjJ ii ^xJl j (.problem 
. i«UJl A ir *«il! Au^iaj IgJ Jo- -ilo*j| ji~| J»-1 ^ j (. o a! *A*-a 

^yj wiibJl 1 *j5>j a^ jJH oLL^>- ^^l^- J-a2oxj jl UlSCoL jls Jjji y ^ Ji jy Lc- j 

Jy^M-a-JL!i ^ 2 -^ALOsJl ia— 3 oLL^>JI oJl* UjlxJ j ( A3 y y j aJ yuu . > JJL>J| iJun 

jJ Lo-S "j ( £-l*-> t a-_^iLl»J1 a5j^JLi iPSR ) 9 i 3 + i 6 

jJ_ij ~ a “y V 3 » » » • (J^H^ I>1 a 1)1 Jaj>-*^ ) |>Ip Ji" ^yj olo-j jJl £ , T ( .lj j - 

^lylc- I J-S"b ^-j^J-cJI l ykjcS\ j»->t)Jl jls l-l>l* j . (ijUaP ^yJl A^*jJli si y (5-131 siJJi 

. <wJl (_j| jOejl (J'iAo- 5-0 AsluJl A— _l)l A>t-/5 


wt 



O^l jpk 

t ^3 JL >- jj Vj) <LaL*Jl A~~jJl 4-> jiaj Aj ^ jjJJo jj>-t Lj <LoJ 

. AjjJLo <-J j-s^ 5 ojUj^I Ol>u (jJ JJl jAj 

— (jlSCxJl C->L>'LJiJ ^\jJl*j AaLxJi 4™Jl Aj jJi> ^JJa^j l (lS ^olflJi J^2xil ^3 jJ v 3 ^-wvJj 

k ' i f. ' ' J 

ojLJjV LLw>t-4j L>-ljj oLs IjlS^aj 8^‘lJ i Ijl g S' ^-.,- ->■ t_ i oLsjJl 

> , , ^ ^ f « J*' , 

. eJlA Co^>-l jJ L^3 J j_L?I llij) t_3 v 3 Aj^oI j 

L y*j jLa p-lyaxjl JJ-3 t Aa jJaJLoJl t ^jljJl |JLa JjLa iaj>“ jJ JJli j 

^ . i • ; ^ ■* 

. 0mLa ^oUu LsAlp t ^j^,^Jl i o^_3LflJl ^-ol 

•llllA (1)^3 t C-j| jLi V 1 oJlA ^^3 «Lo j-i A*3 (J j_$u N (^JUl i_X_3 J 

. ( £ , Y ^ jJajt) L-> aJIj j^oU Y 0 • ^ 

c-3 j-^ 3 tPSR J9i3 + i6 Oj ^-*-<>Jl ^yaLjLJl p->cjJl aJI>- 

t ' p i ' "L * ' ' * 

^pwoJ ^A LaJ-lP Ll-yraj A^dLs^ J ^ * C5^i p->sjJl OjLJjj 



(Jj^jJJ 4Jj*S^~j (_^JJl C^$jJl <jl . ^>xJi ^.la.Ja.zhu (I) 1 £,Y ^ ^J-5wJl 

■ C^) ^ 1 0 J J .. / 2. 1 1 ^^3 (j^ ^ (J jA B A ^jA 


1VV 



ciLta ^3 t ^y* 0 L 3 L l-i_A aJLv? yS>jj . ^/SijljJl 

^AJl l y^sS\ dU^ cI^Lw-jL^aJI wX_S" ! JJLij . *^ 1^33 <lpL^ _ji Ixs y* ^a. jLJ! |*->e 3JI L5^i 

. <llLp j j5^iX<^J1j t <L*l*Jl <U^»*jJi Ajjlzu A) pL>- 

Gravitational radiation ^Sl>JI i ^>-j 

^Jl_ 4>»L*Jl 4 j ^ iaj i^ljL */2j* £.93 ^3 1 Jl>- o ^wi C-olS o!jLli>-Nl cLUj i)\ ^_Pj 

( j^iLoJl ^p) oL* ^-Jl Ujop c * u»«L3*Jl i jli^l kiJJj JjU j%J Lf^» Ui o\h t^LaVl 

s ^ t- j 4 sj * p j 

^jJLo ^La| pju o\ ^ yz>j < a*S ^3 ‘Vjl t^Jalll . <Li2>[s>- ol> y 3 j (_yLp 

. djL>- 

lJ-A ^Lp IjwLpL^o u-3 ^-wJ j-^5sJl 0 J-A 4^j3lp-eJl d-)L>- <U^JL j (j| 

*LJ>Lj 4_ij>*-JLJl y& d-j I 0wi_A ^jJL* dj L* jl> '' y <l^*iL^I cijLJ'yi ^JLS"! <L)j l ^ g e ^ 

" •* * ' > >* > ' 
djL>- ^lp ' OLftOj <■ o J*A ^jjLo ^5* j>" J> *—9 J^ 1 J • Aj JLiJJLoJ! 

O^ ^ ^ ^ l L — J O . l I L d . aJ l ^ l J Vl J , ( \ ^ ■' 1 ^Jsj l j '~-~—*~:)-3 f ^ 

j_~P s j J . /? L LflOjj>-j UjISI^Lj 01 (^ 5 ^-^ ^ 1 j ^ ■“ J ^Ax~Si')1 1 lOjfe 0 ^" " ^ •"■ v 1 




Electric 
' « field 


I,- 


^Oscillating charge 




\ 


j jq£S\ A3 LlaJl A1 p*-JL!I 0| • 4 ^jIj j-g S' AjJLJLoo 4^" g V I ^ g Ui7 ! T 

J , > „ * ; f. 

^ lj_A ii>*Jl ^C- L^jJLJ o-U-*_j uliLji 

1 J-A ^ ojj^oj tJ^jlj^^Jl J-^>Jl £~*iJ • 40^-ujJl a 5* Jai- ^Ip- ^lll CjL^L^JI 

. ^jUkJl oL>xj1 cs 1 ^ t»-A*)V5’j t 4-1 p Lij^p j j£i> Ukio 



4_L?c_JL!l iS y- ya Igj! JLi 'S ?iiliaJl o-Lft yl /y ' ^jJllJ! (Jlj—JL) l o^*iL_a 

; „* , " "_ 

JJu UaLij l^:S j>- jls t y 'y£-~Z L> X~&j c iiJJ JJ a^x-iiSj . <LjLyS3l 

oLj ^jujLwJ IjlSL* j . l$5y^> ^Liisl Jllp ^yjVLi L^SLSii?-l aJLJs SjL—JI jJ^Lj 

. LglS j>- (J jl^a* y> i iiliaJl ColS ijLi ySGl 

•'fr*' j * * i fr 

C^JiJ a^^jj LLLjlis j c^L>- ^J l La ajJuJil* aJo«_ 0 0 1 L>JT j 

1 JA J . ILLX3 io^LprJl <Jy\j>-yA ^Jl A3*}L*^<Ji A^S" ^>JI O’ La dJJ^XSo 

. 0 jZ> La OJ io^>l>Jl oi> yA ^jU J-*j Jo-1 £i-LlJ ^J ^l_ 4 ^JaJL 4 Jj jlL 

A*wL-a A^a yt O^A JsL^ul 0 0 I A«a j^Jg-LoJl OL LaL*Jl A»«_**jJl LjL-JLfJ 

. i > 

aJL>- ^9 U5 j 4 ^ jo-Vl (J y>- /^-jJc^SvJi JO* jj~\ J L* ■,>- 4 a^j^L>JI <jj>L>- j-<J 
LJ 1 a>3 01 ^ ~y^y ’ 1913 +i6 — i ^y~^ J JH*-^I 

C^ljlJLa ^3 4 ^o-^M i} y->~ L*wAJo-I 4JLLj^I jjJ_j Ol di-L . Ag>-j^^-oJl 

jjJL La jAj 4 j*OtLl Oljj-^ 0^19 J-flJ 4 Oljl-X-<Jl oJa LaJJwPj . y-Lv^lj 

. ! ^aJL ^SLJI Y>£ ^Jl J-saij I jl>- L ^Ji» 

I La ^Li ^$Ll AaJl9 4 ^ijLJl Aj L:> (^Dl j^3 jJI c^JSjiJl 4 j j 4 ^jLvJj 

^Lp 4 ^JJjU jlJuLl ^ j jJaiJ jlxl ]l ILa ^Lj wLa) J . Al>j 4 JwsWiJl 

. Uag^ *)L>J 1 oLa t , Y V ^JSLxJl i^jjj . ^-^l ajl^ ^ja jiLl 

^^LJl (J-L*^a ^^1 4 ILa j jiaJl ^jA AjjIJuJI 0 jL/?„i3j AA-JL>- JwLo^j 

j! 1 — A^Jaj^l ojjb jL i^tnJ! ijjJaj ^XSUS 

> " 

4 aaLL*^ c-jL^»-5L j 4 aJu L^ ^LwLL Lul ^ ^i>- 1 c-^L j-Ld ^ILa j . a-j^L>- o>L>- 
LlLS” L^j| 4^^>c-> aj>-j 3 iijjl ^_Lj aj>-j^j^J1 a_> 3 ll oLa oL-*»LS o 1 ^Lp 

• °^' J 5 '^ 

Ol ^ yi J Jo-1 ^Jl 0 j-HJl ^IAa ^J\ jia-LLi 01 L-J-P 4 ^ y~l J>i j 

^3 4 p-LiJ^ I C*xj o j-y ^ J oJjJ-P d.L>l J jLaj . 1 ^-OLo LLj J LoiloJl oL>- j-4 5y>-j 

> * > , > 

^ J_>*jj| ^jA AI-ijL-wJ 1 A^-»^L>Jl olo yA -LLfijOl 1 j-yg-O- L^Jo 4 j-s^LoJl 4jj-i jJl 

'** ^ ^ ^ 

^auLJI j*osjJl . OUo^jJI jv->ti-L Lr^*" Lo-o j^xj 

I^Ua L5^ olo-^Jl oLa JOa Ol LjjQgJ 


^y. ^ . SJc^lj iJli picoseconds iJd j5L j j jJoo jl ( \ ) 




y* l oJ C 4_~^jJl £_sl ^Jl jj'JuL) j I £jYY* 

J^>- L^jbwL>-l c o^j jjju . ^j! jlll, L^^.a .4 t phase ^^LaJl 

^j>cJJ jj JaJl ^LJ pJ jJj . jjixJl I JLft> t [yr^ t I 

. \ *\A£ ^»Ip c j& jzij^JJ <l)j^^> 4^-/j L*^ llA ^la*» j^j tPSR 1913 + i 6 


V 

iLuculj ^ 3 jLluj u>Sl^S 

t* 

t (tjJliJl ^J.^,^,11 ^Jajl) La j*j>x-» *-^j LoJlS jJ SjUJI iLtSl Ol <- ’&S LLL-* ILL 
jj J-Ia.lilj La J-&J t ^Jj>«jjl ^j-o La P-L^LaJI ^3 jLiJl <LL>w_^v ^oLo-SL>l (J^L^- ^j-a 

JjJ>- SjL^» <yS\jS wL>xj ol oL*Jl ^3 £3 yJ> LuLi tljlSL*j . <^jJl—Jl 
Loli t J-^-aJLj . ^ j) .. L g )l ijjySc J j jwLjL^JI ^LajJl <J^L>- ^yjo coLj tiSL^ ^t_uJ 

. o^La^ 4j C 1«-La ^jA ^ <lLJl9 I C-3 

*■* * 

J jJ>- Jj jL*>( *>_.•. 5~ ^lp 3 ^L*JL ^Lp^I 0^" t ^ ^ ^Lp ^3 J C ^SsJ ^ 


Jj ^ . . l^-A> lLalA9 li>j l) 1 Ij (Ini'Ll- jJ. ^Jjl^ f-L-jVl ojy~i y» AjVI o] ( ^ 

J .,/?*!' ^3 "Vl (w5j-W-J L* J l 4_^_ilj 4jj_lajJl Aj O^L -li L«-j Li jJ A-*jjI jJ^- 3 Of-l> 

L*>-L?-J AjN 1 a JwA (1)1 aJJIjj . (yZ’') aJJI (J y-^j j (J-Ls<£» t l 5 -^' J-ii t j_v<c>L>*Jl 

1 ^>*-51 (J y (_^3 t <W3 tAAJl l J • l- 3 ^— 1 (jLoj'yi JjJl ^ilSsJl i_3 _^-U 

4 1 j_a> t _L>»J (^U t U y jt+fr a^j jl L^j jJlJI ‘oiy 15 ^ t5j Jj W oi^ >- 

Oj i_3 j>x. Jl i Y b t ji^JJ o_^SsJI jl ^ j^’j f ^ 

. ( \ A AA) 


\ A * 




aJ O jSo Ot aJ c_3 p->oJl dJ J- 4 Lj^SJj lil (J-^J 

I j-X-^JOwO j-'^l oi J-*-S ,^u2jL La j*J>oJ 0 JjSo 03 SjL^ iL-dl jS Aj I Oj S i^S jS 

LaJo*i cUlSLaj U^o ji o^UaJj o^l Ji L^JI Ju V c supernova jiJipl 

l v? )L Uj>^j ol t 'i ^ ^ \ ^Ip t dLL t dllaJl *b-lp ^j - 4 ^ ooLLpI 

. LaLoj ai>-LLo f-LoVl <dLL c-> f-L>- oils 4 aJ ^>- ijd>< L*S ^5^ aJ oi jdo LL*>» 

Lg_>tSj ^ijbJi ^>oJI oi^ljLdJ cojJ dJaJ ^dLta 0 j-^SLLaJl dll) jl c_dlo5"l b_dS 
jjJLj jll^ 4 ^ ^LJI *->oJl ibL^L VI £SU* V LLiU LjI+ 5 jl LjuJL; 

* j * '' 9 L " 

^»j>>c_iiJ La c Lo j^>- ^J| 4 <idj !o_& j . ^jiUJl »w->l j L../^Vl aJ 4 4 J j_>- 

". _ tffr o " i . ^ 

a-L* ^3 4 jdwJl dd ^SsJl oV ^j£Sj 4 a^-Lv^ is * ^3 d-b>- 4 4j>-j^j^<JI 

lw ISL aj . Id>- Jdw^ ^1 o J dr>- ^3 Si | V ^wOo V AjIs 4 ^b>oJl ^jA jdSo 4 A_)L>Jl 

0 ^i3j ol ■ aJ j?- jL^Ji i_*S oijj.5 *^LL -2 <— •> Jl> Jjl> y~*> j*j>oJI o^i 

4jd-wJl L_dT^SsJl A_L ‘S Aj jSo J-5 ULp OjSo 4 l ^ ^L>3 ( ^£a\ 4 loJa-*J> ol ^jSL^j 4 oi-A 

4 yJ> 4 Aj|i jLUi dd (jL (J J>- OljjdJJ A3 jJtJOvJ ^JJI 

JJjJl 1 -La LIj OO-oOpI O-fli-3 IJL^-ftj . ( aJ ^-SD 

. Ul jp^ ^ 4 ^-oL^oJl 
~ - ^ 

* 

J cs- \ jiS L5 j . t O-lii U t ^iaJL> 4 i_iLlxS’ v yi IJla jlS’ 

J JjJl*_i j . .<g >tjJl j»Ji >LaJj t 0 J-^-S AjO oULiJLS^'y CJ^lL>- ^j-P OtA-pNl 

jUai>-J 4jli bULiS’Nl ol jj-^j ij-^J . 1 — iLLi?*Vl IJla ^L^LiJ i-LiLwb <. ^yp\J>- 

I Jj *X3 ^y } j LJ l ^ lj l j .l.T^ 1 L^kA^P *— -^*v. -.. ^ - . ^3 J I oojlj OaJj ! ^315 

oijj-i \j^ LoLj tAJLoJU 4 aOv jl ^-Ol do aJ ol 

LdiJ j-»j-> LiS jj>- ol 4 aS jj>00 Jl jj-f ^ jxjJl *3l jj LiVj 4 olli^Jl AjL^J 

j-oLJLj dU^ oli 4 IoSLaj . (jjjjdil JiioJl d-> j Jb>- l — — ~Jj 4 O L_k j>_aJl 

JyJJ . iJ yx^Ji jlSLa ^ ^j^IjLJI j*->«jJI iJI /^P t 4iaL~j t J-Sv-»J 4 Ix-iU <jl^ Jj 4 
4iJ1jIj JjJ^>- jJ-4 j-*j 4 ^J JjJjt 4-i ^>-ljj (_^jJl ^a-ij^Jl ^ J t4jl 

4—> J-*-*-; ^SCli Jl ^ 4i_sLli5''yi dUi 

1 *i ^3 t lj Lx>_4>cj Ai 4 jI 4 ^AjL«v^J| ^P Aj_5 4 J yj J jy 

PSR 125 +12 jb jj • 

(jj l (Jj-Uaj <>Ap VjJt 1 j jJi j j5o b 4»^« 1 ot^ jUai>-| ^jJl C—si^-xj L* talj 



. O^A Jl*-> Oy 3 4 L$ jLjJu J JpL>sjJl 4 \a i L> 4 4 JJaj 4-3 4 JjLo-0 

4 aJLL^- I iS y>zi y\ ^\ iJlS" oUpL^-I Ju>tJi Ji jlS jljJjj ^j 5 sJ j 

^Li *• o ^>- j U 4 jlJL>- otS* JLi-U Ijl^aj . y>~\ ^ji ^5! j 

. Os 0 j I 


cj y>- 4 ls^" 4 Cj~^ ' JF* <-)i ^ ^a jL»/p I^XSCa j 

— / «. x f. f, y > 

<ii5^ j 4^pj^ll <lLiS lJU^I Y,A Lo-AwX>-I 4jnS* *JLj j l^-^a ^Ju\j 
p ' , v ~ , - % V 

cS' ‘^'j^ is^ ‘(*>r^ ^A,Yj p^' ''''j'' i ’yt '-^-fibj' i «r^ 'r’S^’J ‘l/j^ 5 ^ 

o Lo V * u - ^ • 3 jLia_p^ o j-ajJIS* ^ L-^wj L*j j-sx i-fx_^_i I 

i* ^ ^ ^ ^ 

^yllSl /j.* Jo-i jJt oLo j -2 Lo-^ji ^1 4 ^Jl jjJl ^^Jlp <■ ^JuS o j- J la o lj j_L*S 

** *> 

o ^ Q * 43 L*^a ^J-P (J 0^3 <■ Aj jLfl^JJ j) 

4 _*jL^S" (Jl^j Li£J j . L^jii A^^Jijw^Jl UJU L 5 ^S* iJl-LA (ji tj 

! IAjJ^AJ j o| pLoJ^JI Jplp ^Lp £- 4 j A-Ls<ix^ oJjfcj 4 iJllA ^J| ojLwJl i^S \ eiJJj J J^/PJ 


^iVt jxJ 

4 o d^LlA ^ 4 4 _*jI j}\ O Aj ^J> cpl IwVSvA^ 

> > ■* / if.'' f. ^ 

i Aw ? -! (JI^j N ivijlljl Ob J _J-* J Ol (_y^ij • ^iaXlj c “WajUl ^ jj> tjjl J ^»- 

jj-LjIj L»_Jj . ^ HIV ^>Lp ^3 (jjJI ( ^ J J_^'^/I l- 3 [ .~.l £ V I JjJj oJ_jJu»- bl*J 

.oJjJj>- oJjJb*- jlSoL Jm Ji>«JI iJlA (jlj t La^J lilio p^Job-i j 



( 0 ) 


(i iLa'tll i \ mm.U «ili j 2 Lu jbeil 

| — ♦ *• * • 


"V t J ^ 3 1 jl J ^L»l t ALaj\ jl 4 JLSn_*I ^3 t OL°jJl J J_o jJ 

t(^\ OjJi oj^_tJl ^j> +Ja. a > ^iUij t oJl a 

O j-^-Sl ^3 4 _JlLoI j 4_>-ij J3 J-> V ‘W^L^Jl <U^sjJl ^3 *IjIj jiaj 

. L^jL-wI 4^cwJa.)l ^ ^3 a ^3 'y . dlta 


4-i*~JJL!l o j-v< 2 -£ o!jL>^oj 4j*!AJflLjL( ^>-Lij tw-jV jJ j ( \) 

Lp-^i^Lo <JjJL 3 i ^JLaj 4-UL ^jlxJLol ^~ > } ^ <j-^J 1 O ^>-1 jl ^3 OJ»Lv- 

jt5ol jJ j^l=r (J-^ - ^j-f o*ljj L ^°J <■ 4«., ; lgll jj 1 -La jl) ' ^JjJL 

I ^J*> . 2 ^ 4-)} • ^J> <J^iJl (_fH *— 1 J wJ £"1-*^! J^" OjjS^ LoJ 4^jL>- ^il 

j^el ^a 4 i 1 ^_^ >!_*-■ i i?, ‘T^* t UjJ jstvS' A.Aj^I -X^-a I^J jfr -i-9 ,^_L~<jl (Y ) 

* * <J“*” <-5^ 1 ^JJi V_jl^ ^3 I^JL ^jjSs J t 4-^jJl 

X \ * * * X0* X [ £ . ^-jLaaJI] u-iii ojl-Lfl-o jli' ^J~i- t_5^ 4— ^J. ^* J j-^J aSvJ^LoJI ^ 

.\AT*\To* * * x =r^o i '<o 

^•Y TV*x=$ xT“lo,To XV* x [fo.;^^] ^ apL- NJ IjLL pJ jl^ 

. Y X [ 0 Y '. f-\ Sf | piSJ (jj O j).i aj j o J a^ O ^ jX-Jb |» 

.\*TYV* xfoo 3 ^ <pt«^ I L« o v° <ij f. ^ _^_5 ^ 

== Y' T 0 , Y 0 X \ * ' •> xfo . a^j^..x.»j|] ^ <J._^ ojl_Li^ ^ I ^-9 4 — Jl ^ 

,r\o yo • 

.\»YYV*x[ro ; olo-Vlj ^ <^L-» Nl o jjj 

x =Y xn o,Yo XV* X [n :^U3UI] ^Ul^r jl ly^JL L*Jj^ ^Is'^ 

.o\ \ro 

.Yoo*w,o x=V< xr*\o,Y 0 x [Y 0 ^ loyLJl] 4f_^ jt Uji J15 oiJ ^ Jb'^ 
.rnoYo* X =rno,Yo x ^ * • * x [fV i^l] iojj^ u. 4L*. i-aJk dLj -UP U* 5jj^ 




. Force of gravity ioSUJl ^ J yi\ aha jl 

55 " j jL^Jl j ijlSC*Jl 

^3 t — >Li pL 5 L JJwP t \ ^ • o aLp Li-L?,. s 3 

'■■'** ^ j, 

0 jj^p -L j . OLLJlj oLjJI o ^SL ^^3 o jj_i L>J3>-I LL5L t o_^j <^3 ^ 

4-^jL ^SJ l 4_S* ^_>Ll pJuP® 4 _L>«_j i /^LL*_1j! oj j_L I 

. Electrodynamic, bewegter korper (electrodynamics of moving particles) 

^v*3 1 ^LS <uLS" ^ 4 4jjL>* 0jj_v2jJ 4 oJj J^>- I Lfc Ji>~3l LLd 4 ^jSd j 

?oL^Jl j jlSLJJ 

O^Y ^)SsLJl ^3 Jl>o 3^ t ^LflJ l DlP Lj j£* ^Jlo N (JLo~i Ij^jLs 

Pjl Ob L^Jjj 4 ^ jLa j ^w p ^1 p 0 jjlws t 1-^3 jbj L^jp 

. * / -i 

01 j-Llj . c-J ^*Jl c5 Lf -tl^w 0 .Li 0|_J 4 ^jl (J L l J I 

bo^Lfl^ 4 ll^J U ^J 43 L^wO- 1 1 ^*>Ls 4 ^j^-*3 4 4_o «-C<L I ^ 3 4 LLa 

. (i^kll j^aib L>l jjd) ^-iaj 

*y 4 1 — j! i j j+b . j oi p. ^ i$l>j N ^U! o^y 4 ^-JaJL 4 ^ w^wjl j-^VL LIJ 3 ^*Lj 
. L^JoL- p^jCL^ - H iaj>Jl ^-o-j Olj^->Jl lj ^— j 01 p g 1 <^j 'y j 


.Yoo*W,o =V* xHo,To x [UT : j^j^Ji] ^.^oUJl Ji~3 ^ jl U_^ hJ 
<u ^laJl CU-a-Caj -Aj 1 0"L 4 cL 43 a 0 Ljj 

Nj t AjU>- jl2j LpxJI C^CjJaj p J a- c -l ^ L^ -1 4 t) 

^y-a . ly 


\M 



„ „ * 

t jlaJlj ^^J-P c5 _^-* J>lJ AljJ^o * ^JiCi«Ji 

j5j c_i-^5' . c— ' ^-P _ ^ 4 ^-P _ (jLo-^i iJ1jLaL>c_iL} t ^J^IaJLwM-4 J^Lp 

. CB j AC 01 4 ^iaJL i luSOkj ?AB 4iL~.<Jl 


LJLs I . o j->s-JL*Jl (J^iaJlj £jl ^JLJ I ^_-_P l)j^jJ->b-o ^ ^ >| ^ 

AC j^.13 L^J i ^ j ^aj (1)^ ■ B Jj>- ^Jj _j C <3i ^isJl J c5^” l9 

^ ACB ijl^Jl 61 ^ 155 UJj .o,r JSCjJI ^ US' ABC dJlJi ^ J ^ cCB j 



AB CsLwu^Jl iw^*^j>«_} oi 



C Co-_jLi 4— [j\j 


. AB 2 =AC 2 +CB 2 


JJLL' jli i oljJL» jJL5 £ CB 3 ^-Uj c oijJL« jJl^ V (^jL»j AC 3 jJ» oCS" tali 
i j^*Jl 1 CJ L$Ca L> OU I JJj . ol ji* j\~S o j AB 3 oL> Ljuxj 4j jlj’.ll 


. /^iXaLic^ ^j^aUjoL CB j AC j.iL/? / i'.oll 


^*)Lfij AB isCwoJl 



B 



A 


3 


C 


^ UjU IjIj <J ABC CliJl : o,r JiCLJl 

.(C) Uj 



cLiij 01 t o,£ ( y j-Lj L<k5"j t “>LJLs iwOLo^j yby* yl[ ONI j l Ou . i j 

t i__> j_£- _ (_J ^—0 oLaL^JNLj J— ~-o-j o o U j_ls N J £-jl J— 0 lOl-i jL- o — i N 

t ^y yJl jL-iJt yJl y ^*Jl k— i y_>0l y? ® y?«0LoJl (_) jiaJl 01 jJ-; <• - oLo-ij 

> f y > 

^Lp J j) ->cj I ^ jJl Jl tfp L*j^ 

. ^ 4jL»LJ| 4>a jlaloJl y> J~U oJU Jo>- 3'*-'° ia jlala 

j_LaJl C ^JaJjjJl ^*P ^ oLfc3JL> LJL j->«^-> LJ-pI La b| LjU 4 ^.Ua IL^ 

■* ■* e. > " 

t CB j AC ! AjLLi>t-a Lw)*aJ 0 ^ c B j---p ^jLJlIIj A j-*p 

c AB 4iL***JI L» j> L*l. o ? o ol jliA.>JI j_~Jj 

wLiJj>*Jl vJI^jLoJi ^Lp jl oJpUJ LJLvJau v 3 (j t^jb 

4 (_£■} ^j-P Jj-Jy-laJl _ ^jLAJI <La ^-ia_La c_3^)Ll>-I a ^_P^J| J^Lp 4 4 jL 4— M jJ>cJl 

• J-> ^ ^ Lfcjjj JJ ^jA 

•* / B f •* 

Qa j| la_*. M a ^j^JLI j ( 4JLjL) 4 * -o ) ^JL*J L> *^f AB <LsL*%wa— il jjLj •« >L*^^j>tJl oCu (J^JL?^ 

^ » o > , „ 

AC t j-lJ j-iaJl t L>U>- Ia^> j ciLLoJ AB 4 JCm«oJI 0 L 3 IjlSLa j 

C L^jb ^JL-> k 3 AB oli t 41 j -L aJ 1 <ZJ I 4^a ^Ja_La Lj^l L J . CB J 

9 i 

* “3^ (J^ ^ CB j AC tj*j Vl ol ji-pj 

. V I la^Jl OjjIuJl ol 4-a J ia’.a jLLa oj 

^jLaJI ^\ 4 ^-jjl /^IaL^jI bjli t<ijJL<Ji ^9 j-* ' ^ 

.i jJ^i ^ jL~j 0l^-*Jl 0^-9 lj_$0a>j . L«_^J_c- ^_4 j ^jjjJJl ^j>«_J0» Jl (_^j^iaJl J 

^3 t OiO-A 01 J . Ol-^k^Ji 0 U 3 ^3 ^ 0 yA ^1 J-jJj>tlJ t " j! . Ja * ^ ll 

LOl . L^ . t ^ 1 a a i_ La oli^Lo LJlj iu L>t^ 4 j>*J 5U tB 

^1x>ej Lxlj O-U 3 4_*3 (_5-LJl O-^LlaJl 3JL>0 01 (^} OiJJiJ 

J^LxJl LjjjJ . iL*jl AJ% OlSOa ONI J-al^Xj LLN t oLa ^A^oJl ^a i J^J iiO^J ,_^1 

. D 4'.lg^) yJJl OLSOa^J ! o ,~[ 

Lyl — !ajl ^y ^oJX«J 0 LSL_a»J 1 ( y y .".la.a i yj 43 O— *Jl Xj j-^-! 4-^><L>iN 1 4~^3L»0l ySOj 
Wi ^xJI <j >L lJ! c^La ^Ji^Jl j-v^LwP L^j_>- Lo-iLs-Sj ^L*_» V I aJL>- 

. l$jb AD <l)b tD ^y2>*Ji}\ ^Jl A ^jA <J jJJ 



• ® 




t o,rj5CiJl ^ SyUi]l LjuJI : a,* j£iJI 


> ^ P * * 

Ljr 1 ^ >f^4 ^ J4 3 U-? ‘j'- S ’ J us^ J"*-> f-«-* ^T^h' Cr!J 

t La L*3 j-a \ j a ol t ^jj j^j ^yaj Ala ^ *Lo-L*Jl ^ ‘JLsJo . ^J_> j}p Cj^j " i 

. cjUj 1*^JI j_a j-v^Lp ii*>U ^1 <, coordinates oIJIjl^I 4^*>Ll jjL*Jl y 

< p p ^ ^ 

La Uj^ lj^Jj>tJ Ol p-A lil oLa j_U_J| ^a ^y-| ( yL^>| J-L J^Jl I jJ>-LlP-l jW 

J_A lO-A /yLs^Vi <OjLa ^-L*-oJi 'j*+£ 2-XP Ol . di-ta j-Aj ^ ijLSL^Jl diJ^ ^y <OjJ»J>- 

• Lj»^ 



y 4-OI3 ^jjIj ABC t-iLLw i OjO ^JSLiJ! 

jLjL^ ^ CA j BC 4-C*_Lo jl p — ^-jj . C 
JSLl}\ y ABC vUi-JU 

. AB y j U^i t Q,Y* 




^Joj ^3 iD ^jJa.Aj ^ky* AjJ-PxlJ ! G , *1 ^j-^JLl! 

. D <U3 £tb (_£ JJl JjjliaJ! ! ^Aj <> ^Ua> 1 oLiax^ £*ll>o L ® 


<jJLb Jl>*J i \ $ Zj>xJ . O^jLp OjLwJ J^Jj-laJl j-y*~l cij wl>tJ l!bl>- ^|1>0 J 

t SjLwvvJl (^dJl 4 j 1S (jLSLoJl ( _^ 2) Oj-^J Oi >Xj 'li t V — *J|J^L>cJi 

s •* ** #- x 

i»_9 ^\s\)a+p V 1 cLob>- L)b t L^lS" CjUjI Jj>-N 1 pjb-bju Laj . 4?b 

jLS^oJJ aJ^Ij <. ^L*->l A-*_»jl ( j_a t^iJbo ^ji^-fl_>cJi j>JLp oLi Lla jj-^j . d-»JL>tj 

. OLajJJ Jl>-ljJ 

Ip jp 1 4jbl jJL ijjjj Lobj c oUjJl ^.a^ t aj*j! jJi 4 Ij1Jl>-V 1 ol 

1^5 0^*1 oj^S*J^Ji cij b L*~~oJ { bJl oL^oJl cjLJ1jl?»- 1 La 

J L^SDj . jLuNLi t t. >L>c-*Ji Aj>d?L) ^3 b jX^Pj C Jj jJaJl ^P J l £jUJl ^P 

LJU oL$L<jJ1 cjL-^LJ ^Jl_ 4~~ j JLi • i jpli jJij c cjLpLwJL 

^Jj. Lj>-Li^I ji-pjj t ob>jJ!j oLSC^Jl ob t IaSLa j . oLpL^JI L>jaj 

p p •> ^ > •> t 

. oLflJu^a oLaa L*_gjb t Jl>- 5Li c <( ^»j ^ <ll5" ^ Jj>o 'l>- i La JjJj>o 


oLc-L~ 3 . oL*jiJ ji>-l L*_s3jj o^s-»-U I^Ij L*-s^j oJJjipI L> iJJJj 

‘tij^JaJlj cj jJl i 9 c Xs- j~u XAjj c oL>«jl (_$Lij t OjI^ UjoI jJ! 


UA 



j 4 L$ jJ-lJLj oliL ^J l (1) ^Jl Oti cliJ j_Sj . Lg-jb 

. Lg_>b ^Lp o ^J-v^>o 

Special relativity ^1 3j ^ J 

L<_w-o i ' ^ylJl o jCtf-l! jJfc J-Jj J-9 ol^A-vSj (_g JlJ \ Jji^_*_<Ji jl5 

.special theory of relativity a™~JI J y>- JoU Jl ojai ^Jaj ^li Uo^p iUIj^Jj 

N l~Lg_>- dLb ^pJjC~w) c_ 3 4 Lg-LS* jJijJl lLLLj t £L*jO-i (jl Lbjl Lo blj 

— - «< / *< > 

. dUi ^jjljaicjl l^o ^Jiil ^^pIjJI i_s® i4jwj AcJij 4jJ j t ILo 

i Ji^L dlj^ l* flS ^Jl ^U«^l Jl c JjSM J^Jl J t U>il jlU 

a-^L^VI c-i'y^LoJl ^a>sjej ^jIxJLlT ^L5 L «_tipj . j j^S\Jl oL>- j_<Jl Jip 

# ' f. ^ 

^.-Cp) oLiJl JjwL>- cJ^-> L$j b iaj>“'y 4 4J1 j ^_L ij L^JLp 

oL 4 y^j ^oLojJlj jlSbJJ ^L*J 4 _*_jjI ^ ^Lpj-oj^oJ invariance (^jUiJI 
. Lo Lp^j AlP v — <Lb>o 4 ^j-3 (j^? ^ ^ lS^-^ ‘Ul^-Jl CjliLcwoJl *JjLj Lo 3j>- 

y\ ^3 j-bllb . 4 ft i ® 0 ? V O^XpL-«^j 4 *Xj.Jj>iJ| CjLjJl dLb LXA y) ^ 

wU^ljJl ol^J Lob*j 4 O 2 wL^ljJl (jl J^l • J>~ ^ Lo-Aj 4 O 2 J Oj y3 ^>\ jJl 

AjP ^aJLjj h^P 3^3 Oj wLs^i j}\ O 2 3^&\ j]\ i^jJ <■ 3 ^-*-0 JjJJp . U j-Jo jP>cSLi 4 Oi 

A_3 Lww<^J I (j^J^jj 4 jA.*/7.\\ <!*JS J ^Lp 4 JLpL*>) ; <uLs ^>-^Ij Lo-A^\j>“ I J*"* l*' 0 *-^*-^ J • L^^flj 

. Ljiijl I yup J£i~s>- Lo. 

j3-d\ l a. ^,1 + «,*/?,.$ jUjLJL Loi-LLP (jl^L^?l jJl (jlJ-A bLa 4 yJb (jVl (Jljj-wvJlj 

Aj ji? ^Ti (J JUl iw ~waA ll tJJJi 01 M jl I 1 1 «_\»^" LJ~3 V U^.^.p Lo.** j 

j-o-J . O ] J-*^l jJl ^-«-) jLWl 4 j-^ 1 — ^ j-P oUtJL I j_aJL~w-a JJLo-J |ju>-lj IjJLo 

v — ^-*/ 2 ~aJl ijLgJj L-o-j a3\ 4 yyjj 4 ^ ^ a j I I J-A ^IjL^j ^^Jlp O 2 -i-^?l ^Jl 

S> > ' > " ' * p. 

jrf *33 J~* jr 4 * J ®2 ^-^Ij-Il Ja-^'DLj . ^uj^-JLil 4 JL> L^-Lj J-*_j tVjl ^-o ^iJl 

/jJ-La O 2 ~W?I jJl . lLU^ J-*j is3 jZ . Jl 4_) L^jJl 4 ^ jl 4_o jJiJl AjL^jJI IjjIp 4 wLa 

^L^UJI 4^Jw«jJ| O^uJl ^3 Oj J-s^l J-^l 4-P J*» > J.+J 2 .JJ . A > 43 ^Jl 4,*.M>.>CJJ 4 y3~A Jjl 

; ^ 

. 1 — ™A«J| ij jis J-^ O 2 -W?l jjl ojjjs 

I jJj i ^ 5 jjca 1 — . ..^i aJLj O 2 -J-a?I J l 1 .../j 2 11 Si j^>- j_«Jl o , Lo > >L>Jl 0 ! 

• /? 1 iJjJi jj-a t aiSGj . ((|Jj>-Ij o*>V^I j j5j_<JI ( j^L^ 2J| o Jsj 0 1 jZj 




JLs^l jJ I O— »LiJl t Jj i— — szjl\\ {S j-i O2 • ®,V JiLtJ' 

t O2 4li*A* 1 . •*«-.,/? a 11 ^jA Ajl^jJl (a.) ^3 yj . *}Ll3 Jij tO] 

• ^~ 3 J ^ O 2 J-s^l > *wx ^Oa] 1 {jA A-J jJLll AjI^jJI & yZ (b) 


* " * ^ „ s + * i 

L» J- p ^»Xo l « ^ <*>^ 3 ) 1 Ob t ojL ^-> j • ^■^’<0 ' ^JJL> < ^-vo 

. ij j>*1a ^a 4-Jj jl ajJl ^JL> 

(_5^ j ^ ^ O^j t • 00»jJl oL^LJ! Ji ^™jJL L^jb 4j>t^juJi ^Lp ^J. 

^oUJi jQ.Vi ^ <^51 jlipLj >_> 0 2 JU*I ^1 01 c o,a LsCjJI 

" - ^ ^ ^ ** 

l < y~*j ^ L«-^j j*-i 0 2 ‘ — ^slj^oJl OLS” lOJj . ^ j_*_> 0 Jj>- 1 j cOi x *&\ ^JJ 
v^LLbd <Lv?liJ! 0 ^LaJl 0 Xa 4^jLJLa ^Xa jA La . j (1M j g ^ 1 i^_3 j-v*» ^p^pL^vJl <jL3 

e (j! <■ ^ J >- 1 »^a c ^ -sAXj O ^02 -W>l ^J! LgJu_>tj ( ^Jl ip-L-Jl Lg-L>t-~j ^ylll 

kii-lj ij"? J :^ ! J- O 2 Apl~»JI lfrl>c~wj l _j^!l A-JLa^Jl 

O 2 a_c-1~- uLj xax*-^ Oi j_v^I jJl j Li Ij^L&j . Oj J-v?l jJJ iulill ipL»JI 

. Uaj I 0 j j, *^Q i jj Jj 

i]jJ_^. j-^ >— js^- 5" J-*-iiJlj 1 g i'k Jj <.Xjj£i t_jj L>«J L«_i[ oLjL^jj Loj 

t OASI jJj .Jj^j'b/I ^yi j»l j ^vJai l ^yj tiiJi ol^i alj— j c 4 ~L*jiJI l~j! ^ jli: ^ i l 



Earlier time 



1 O 1 Jjhl ■■ oJI i O 2 Oj • o,A 

. Ol -Uol jjl Jl 4—Jlj JfjliJ! 11 £* jUJL (. 4~ki jJJ <_S y* 


L° jjt, j . yajjl jkLJ jJ_Jjl o*)klj ^y iiy> Jl i ~ , l-<‘'^~>Jl ^yl^r 0 

J_, Jl oLwoJJ oJl^j ^Ulj (.time dilatation j-ayll 

1 1:5 1^ (1) LaJki-C' c ^ 1 j y^^y _ l)| . |^t mesons — y^ 

4 * ^ ^ 

Uuj-^ — i j >r ^ J . ( -^j-~‘r' 0 - jr^J ' ^ U"? 1 r' , .r* J ^c" -4 -) iLr 5 ls 3 

Uu! 3j J y>Cu <u>_~~>Jl (J“>L>ol yotj L jJ! o')! <• J _j-bl jj-J °J^! ^-J jntfd 

yLiwJ jl IJlS^Aj . ( 4_4jL~JI Jy^Jl ^ tOj Xv^ljJi ji-aJ j^Jj) 

. a%e- \ 5 jj 5 JlJI J^J-jNl Sji yp Uuj> Jva; -k> JJ fj-k 



/ ' X tf £ 

. * ^ ip ^a I J->- Lo ji 4P i3 y>t3j A^^>Jl jl Luk W ^ j^vJi )) ^-*JJ 

^lll ibbilp^Jl ij j^o LaJilP S/I ia?““>\j *V ^.jJl Sj-iaJl ^Upl CjI O j 

UoL^>- ^s i ^ 3^ 1 . , /? i ^Jl 4-j^O _j-«-Jl C-’lS'jJ^Jl lil . f-^-vi-ll AP i-j ^3 ^ $ «P iJljJ-><bL) 
t J jjij Lo ^yip (Jltpj . jllSl tilJj ( jLa 4jjj j^AJ il)l ( j^ J~^>, > J*-* e> \ (_ 5 ^ 

jJs>Lj ijli t ipLJl ^yi ^ 0 jJ-~5” ^ * * * ip j-~j j.hj 5 ^jllaj I ^iL-^o O 2 J'-zsl ^Jl olS’ li! 
. ’■y^- 0 j-Ju . s'yi ^ * y* f-l^^-l 0 y* yS I o^Ssj ^jJ k_s obi^j i_£-jJl oIpL»«JI 

Ljj . ^a- J j>*j jl -iij lX-a Ow-vwJ I^jU 4 A~a y^\ LjLj>- ^ ol j-oUl 0 j-fc aJLs^ ji-PjJ 

AjJila^o Lo_j AaI^jJI cj! ^A ll jl aLISLoJI oliL^kJl oL^LJ jLipI ^ 1 p 1 j-J^T j j^li*^ 

* 

jl t^^wvJl jJ* lJ_Aj ■ l‘-A>- AaJ J p JwLJ ^^JwLs^lj ^SpJl Aa-waJJL L^^llp’-I 0 j£s3 jl 

J^3 ^j-a ^>- J 4 Ojl J-$L 4 AjIJj ^3 t L^fijLia OuL) jJ A^^jJU Avpl>Ji Aj^iaJl 

? > * ~ * t ~ * * * 

UaJ>- j ^ la 7 L iv23 LjLa o_X_> Jp t. — 43 l^-<w jS^3 JJLI 3 .La AP-^^L aJ ! 

Ju*_i oli jLLJl jJJj jlLol ^j-a oJu>“lj b , i 2 ; c_3 . ojjb (jLajJij L)LSCJl ^>jL«-9 jLSLs! 

* 


^SL^jl 5 iLa L)La ^_fc oL^LjJl . Jj^-M^La Cj^'s/ L*_a ^]| 

c > " ^ c 

1 SJl>“ Lg^Jl ^JajJl Lktjj L ^>aL 1 ^ oLa^Jl^j cijLowL^ oL 

iijj-oJ! (JIjI ^ jp oLwi^ cJLl^JI . aLLS" LajLjpIj L^-J| ^l a iil ^j-a 

. ciiJ Aj oLp La 


^p oU Jj ^ lL-p^j US LJl t o,i j Y { jJ£Lz!i\ o jjJLj 

0 ll ( 3 ^-ia-il (J j-b oLm»Lj 3 jl^L; ippi tB j A iiL^Jl 

^Jp ^Jl jli t ^3 j-* U 5 j t AjJJpj . Alls* AoL*Jl ^J \ 1 j 
.^ 5 Y ^3 <LLa ^J-SLaiJI iJL>- ^3 J 3-^1 j_LaJl (J 

4 ^>s-Atw^Jl J^jjiaJl (J jJp Avu-P-a) ^AiL^JU) jl ^t.. a'JL^%o jl LwJlP jli IJlSLa j 

. 4 B j A 


4 IsL-v^JI ^y*t j-ii A a/ 33 L oJpli AjV 4 X?^_lji«a ^Ll^JLoj'S/ I IJ-A jl ^33 

Ll^-a^ j3 4 jL-_A^>c-Jl ^3 aj^ jJl ^j\ IjJj*-! l Is j^3 ■ AjiS" aj^L«JI ^ji aJL^pIj 
,^LB a^ Lwm-^J I 3I aAjiJ-ap Lp-xjAS"^y 4 i ^ j * 1 3 3 ^" L*“'^ ^ ^.Llj L^°*-L>t^waa»I^ 4 aj^I ^^1 a^jIs * Ij^a 


c-oli l^j| Jj 4ojIx>=^J| 5jJ>t-*tu>Jl (3 ^iaJlj Aj^IaJI ^j| ^* iJl ia J^la^/O j^lp 



AJoLJl AiL^oJl jL LjwJj l j»L> j/l \ <_£ y>-\ o jjaiv- o j£s tbj-iijj 

o jlaJl jl pLsAaJI a^JLJI 4-i L— oJ l 1 C..-~ J OLajJl J jlSLJl ^ ^zla-a j ( y~i a_JLJL>J| 


j jlaj i (_$ 1 VjA i ItA £ 


LT^J 




t>~-* JA i*y»2y* 


J-^L 


*JU±J 


■JwO jJ ! 


o-IpUJI oJuk ol {jA . ^Lls l^tP l^CI J i Ajjlaj A-JLi 

. oJL)Jj>JI 

^iiVl j_p«Ji . spacetime diagram Uik^i o, A JiLiJl ^ ^ ^ j 

isUjI AjjL j^a*xj Aj'b ji^^Jl jli A-fl—A>jl ^3j . jLajJl ^^Jl ( jl^^Jl A*3 

l j « . /rt ll AjaAj (jl ^lp • Aj>eJa^A A3j_J 1“$-^ A_j jAjJ I sL*J jll « J* jl Lj<^A(j ^ Ll^Jj 

. jlSjo^ll ^ B j A ^j.d a a 'J l iil—^Jl ^LaJ oJUJl»J! oJp-LaJJ b.» $3 {j* (J~*j ^ oAa 
event aL>jl>iJI ja ^j^~a > Uli <. Jaia>«-<JI IJla ^ A AJaiJi ^h) IaJcs- Il>L Jas-jLJj 

lllli IJJj .B A.laa.'Jl ^Ip Ajli ( jf-latjj . jLo^Jl A^ia>- ^Jl iiUi^L j) LSCoJ 1 

. L>-$ i- 1 aJL^LsJI AJ^a^Jl S jiaJl asL^a*^ L I*® aJl^LiII as L«~^J I 

Jala>«_«jl jN I J^s-dlla ( jj*JLo.il (_^j jlaJl _ ^jLjJl <L> jJat» £-» Jli» Lj jlS^ LjllLo j 

* > » >' ' * t- * ' > 

^ + > ~ t A^JLsI jJaP- A^3 wU> L«Ju t Q j ^ ^ 

L_ij-x A ^~c- j^j Las I Liai- j| . JyjlSs^Jl o_iL ioLJ! Jiojj tA^ajJl A^A5>j! o-Aj 
.0,^ L~*_^ L«_Ll« tC fki-JI B 3-^ -L'~^~ jA-LLiij 

j^ijj .C t Lj_*Lis c Aj»jLaJl AjjljJl A-;jj t ABC tf-_LlL«Jl LljjJ jLA t ( _^jL-JLS'j 

* * 9 , , 

j^jSJ . jlSjjl iai-J jLajJl Jai- Ajjlj (_/"L^ <^ilS AaJLpxJI Sjb»vJ j»j Lj }/ ((L^jslii)) 

Ajlili^a (j AB Aj L ^ J I Ls A^iL$sj LUj ^jXll 5 JL.Ja>JI SwLpIaJI jls ; (JsJl 

. dJLpIaJIj . osL.».aJl ^j^jj^pL-S Aj jia> 


B 

<f) 


(U 

e 


H 


o 


@- 

A 


1 


4 

c 


jl_SL.jJJ LLj^a : ©a JXjJI 
a-J j (spacetime diagram 
A l)L>Jl>«JI . aj^\j ^jSjl >-1 

l ^si *.i ( L^j'b a_*_a>i^JI a_w5_>J1 C j 
£-* j I- C j B (liL Lz-^ j 

I t jA . a ^ (AjIa 

• O, 


\<\r 


Space 



- oNl J ull Ap y*» ^5 LjJLS^ ol j^-iil <— ' ^-s<sl 

y-u ((jJ-^Lill)) oj. ■ CB j AC ^ja5I (JjCj 4jL AB Qj* '— i 'j* J .J ■ AiL~»Jl 

^1 oLojJl _ 0L5CJI a^%jJL <CjL <u^5* y& <uL^laJl oJ-^j Cx2 J '^ J> ~ (S ^ 

. ^>-Nl 1 *aJj>-[ ^Sl <u*~0b ^<Ji J5 L^oJj>tiw«j 

<-wwwsJ <L £ ^3 L^«aj c O 2 j Oi jJl ^j-p oLL)^^ ^OJI J Li-oJ ! j j-*->j 

4-jjlJLaJl 4j>-j J-& La . 0L$0»^Jl Szl^Px*4 Oj -Urfpl ^-U Jdaj ^ J^-sXJl 0! ‘ ^JilLa 

<La j\ aJL-a (JlLo li[ Lj| ^02 *-W ? l ^JJ AjIjJI OL^L^Jl Llg>c^a A^o 

OliUJl OUjJl cuU 01 Ul^jJ c o,Y ( j^JL^LjlJI ^ 

l «* ^ 9 

0 ^ ^ La ! ^01 lLLL a^-v%jJL 4JbL« O^^j O 2 -i-s^?l jiJ 

c < u2jLnmJ! Lo bl LulSsJ^. ^JiSOiJi ^3 ^a LOp AB j AC OL ^aJ! 

. Utils' ^3 Ajb c-j! ^>JI bL^nJ t AB J^UJI ^Ui 

0 -)LiJl J-s^LaJl Lj^J-?»“j c OLa jJlj OL^s-oJl 0 ONI Lx^»wL>cJl^I 

i 4 j jJsCJJ <uL y^wS ' LoJ 1 djV ol L*A->- yj t o^ApI J jS'juJl ^J^CiJL 
<5 j. a- ^ ^_a ^ JJl dri'^ 3 ' ^ C?' ■ (lr^ ji\ ^Nj-*> o-b^!j 

formal C^L^N! C-S' yJl UjJLaj <-i j-~* <. j-r~'-^ iAxjU C-^J 

VI JiUill IJla Ji» .^jUj 4 wyV^L«-Jl olgJ ilfjii structure 

^Li ^.aJl yiL>eJl yA dU^ OlS* . o^Ap! j yS”a^>Jl C j£u '^Sju CoU_>cl^I Bl 

. JU>-!j jCS^ ^2 OLajJlj oL$L«Jl ^yJ Cwb>xCL«~»»Ji oJla Jyll 

jA j ispacetime jlS^jil ojLipU jU^Jl Ula ^1 ijp-Uai jVl i j~~ 1 Cy-j 

. OL^-a-U t Otaji) t 3t*->! lij * j j\ ciiil^j 

> 

*> j*/l\\ 4P j~* 

. iJj>- L^?L>- L*_2 p j) -> /7 1 1 4P^w ^j-0-3 J--3 LaLo - jZt ^lii j^JC , Ji ji? Oj. 

i > * ' " . * * 

4-^.^^ljLi-aj j_£^Ji <ji^L >- 01 J-j j .^^i T Lo ki^N^L^-a ^jLl» ^yo oV dJJ^ 
4^-jJL 4- o .ia. ^ .a ^-wvJ a 5” ^3 ^A ^jOJl ^Jl JS" A^vnJJL t dU^J . 9- jy3-H 

CaJ^Jl LllaJ Lo lilj . 5Ju>-lj jJ~J .<? Si Ap ^ r ~>' u! t n ^ » 1 

“LsyCcJl jLj (. j]\ jVyA JLLoV A^^iaCCoj C->V.lL*-oJl JLLdi ^yo ‘C-^>C»V! 

J-L> ,_yA ^yXll ^jAcJI (_y 2 ^-; L^i UajI c^^jj ^ ‘^-r^ J *— *. “LJAp 5j yS^juJl 



. 4j S i oJla 4 <u^ L jlp'V 1 bjl ^>-La t b>o^ypj 'y Li-^ . aaI-Ls-I 
Lj lils c ipLJl ^3 j!j» jLS \ • * ip^-~y jliai j^Lp ^il~J dijl ^ ji\ 

j wLo ^_3 ^>j 4Jti 4 *yjLo 4 ipLJl ^3 <1j\ jZ* jls \ *\ * ip j-*~j> j-^ jba3 *. — -> jJLsi 

T ^ * ^\ c \\ • + ^ • • Jixu>- j i5 iJLjciil <cp^ jS/ dJJi t iilL ap^j lolS 

l) J-3 ^j- 4 4 -*j 4JL3 ^>Uaji ^3 jUajjJl lJLft .lSjj)L>5«Xj c_3^~mJ^ . ipL-«J! ^3 ol y\Si 
c-olj jJ ciiiSiS j . ^Jl 4 oL ^3 c l!->Ij c-iLoL^i Jww?Li> ia->- , yj 

As>-Jj yjti U^-j 4 4-Lwal -i> L^I>- oi jj c3 ^-**J3 4 .lSjlia3 £fi A.«**j3j jUaill 

^ * iijUa3 Lfj j^LptJLj iJ^JJl 4JLP j_^ l) 4 p-Ja_^j o LL l_>xJo .iS jlia_3 

j . ^jlkiil ^js- L> (3 ja!I j-* jji^l IJla jV t N apL-JI y oljio jJLS' 
I Jjsj . (_g iJlsJl y IJb>- o j lU aJI?- y l_b>- jUaiit 'as - jj U ^_3 j^o 
0^5” tjj AjLoI^- jUaia U Aj ^Jbliajl ap ^—J l ol 1 & - - •*- ^-a 

<* f. " 

. cil.1 P IA^I^o jl ejll/a LjXia 

*■ . ' * " „ 

-A 3 Lo'y dLi^ . ^SjAj s 3 ^ c ^iiii jUa-aJi *y -L> f- ^ - ^ ji * ^ ^ 

^ ^ ^ ^ ^ ** ^ t ^ 0 

l^.«< 4 L jp jLA 4Z<* iT i t L^->li 4^ f- j^oJl 4 p o I ^Jl \y LL^ ^ 

! l^P 1 JbCLwa jl 

|r-^J 4 Ij J- wflJJ |Aa ^ aj p- j-s^iJl ^-^- M * 4 ^-o- <L^>ojLj 4j j. C^t-si’jl JLaJ j 

0^15" wliLs 4 jU a a^Lj . <W?L>tJl i> ^iaJ j j-f-b ‘C-wo.aI I jSj Ju ^Jl 

^lx>o ^ J^ !l C-^l>* ^ oL> 4 ^ip ^>iUl o jiSl ^3 4 pip 3 UipI <Uj 0^ • c_3j jlgil 

i$'jJ>J o^LLk-p ^ ^i>-! <ijL^i 4 jjJ_P jUjJLpI j-Aj 4 4^3 j-J (1)1 ^j- 4 l-g ^ ^io-J Ja^j ^Jj 

Uiuj ( _ j ^j <■ o j-aJ! _^>j t *ui i_r^ oU- i aj>- j^JI 

i— j j-f- (3 c^j (^j -1 oLS"_j '^2^1 4 i=-L<>Jl_j t aIj.^JLS' t JjLj la ■ •. j 

J-a . aJ aj-aJ! jj y, jj>p ^ ia Ju_ j i jlSCo J5 ^ i y>~ y> aS\j t ( ' Aether (=ether) 

^^i- 4 4 4^w^ l lj 4P^v>» 4 ^u'yi 4_, S\j (j I b^Uj 

IaU^S'3 i^JJj A-^j (JtAp- 4 ^J J^° J OUkJLpJl 


cUUj JsULa <^1-^ A--»i j! i^j 4 j Ij t aether ^ ^ ^.U- (^) 

i-jSUxJl JLSiil ^ j A^il>Jlj Sjl ^>Jlj Jjj-^ aJ! j <d£ ^I.^lo-II «uIj UbL- L jJ ? _yaij 

cr 4 -- 5 • {^*^yh 


\ ^ 0 



^^^1 oJl* 3P i_aJ^SvU tiJL?- ii 3*0 (J^-*- 1 4 s-^ji__jLLa_aJl JljU 3 

*j lilU t jyi! i — j 3* ^ Ool 5 ” L*Jj . (aj^xJI iJJU U*- jS> o, \ * 

v ~" " ► * • •’L « <* > ^ + 

^jji Jjldj J j-Ul 13 j (3 4 _ 3 LJ j-*Ji <3 /^O Jj>o jJ i«-ii (j! 

j.q iai Id t ^JiLoJL ;3 . (JLo-^tJi (. L^-^u4j ^sLv-w^JLj c ^>-1 ^Jl fr^vg 3 .)i 


j c < 3 L* 3 3 pLoJI ^\ 4*-w*jJlj ijl APj-^ao t — 3 Jj>*_> (JjjJi ^>jf}\ (jU 

. oj-*Jl ^ ^jJ! J jb L^Jta d Ail^Ji jr~i <-d iyt ^ 3 -*-^ jw d j& ^Lj j& 



1 3-^wi^wa jl^- j-^ < j ( _ j 3 4 £ j-^aJl -I x fl-~Mj i ^ \ * ,J^CiJl 

aj>llj 4-ili * j- 3^H i LSli . Loj^- 4-L5 jJj Lojj>- f-j^a.)i AB si ^«Ji ^Jlp 

p-j 4j&L>wi ^ AjU <^a J _^<J1 * 3 >JI . EF sT^Jt 3 * L*_>-ij ^ 

. jj 3 Jl 33 L>.aI ji^j 4 jIpxjVI ^ll . CD Si ^<di ^3 ^ja Lv-ij 

^JL>-i c__ 3 -LpxJ L-oJww) C ^JlXJl f-^a-^ 2 -ii ijLft 4 ^jSj>- 3^-)! *JLj\^ J BA^j La JJsP 4 ( 3 3 -/? .^i! aJL >*-11 j _^3 

^ — ’i-LA^i j S ji ■A-ACL-oJi oL® 4 ^ ^ j..^..a]l oNUJl ^3 

AP j^n A 3 ^-^i 4 Ap- 3^ (_)^' AilwJi 3^^ ^**^ 3-* . Axl?i— JI3 AroJLx^Ji 

t — > 1 Jla! oLii 3 >ijNI |»!Jl>w ^1 ^jA jli 4 cJjiaJl cJ^-X^Ji Lplji jlS' L<L)j . p-3y3.ll 

oJlA |»~L>LL— *»l -LflJj . * 3-voJl <P ^3 Aj 5 ^_aJaJi CIaI 3-P v 4 -iLSsJJ eZ-»^U>-l AXji lH-j13 j 3 

1A33 . ' — J jS' _ 33-^3 4 ^s>- _ J L o^«< lIj La ^ Lj ^3 ii tjL>xj3l (_5^ ^ 3 3-Z^>-l i 33 ^-di AjSj j LaJ i 

-1 3 } & 'J* J 

i>- _j_j! J 3» - 4 ;- 1 ^J 3 Jj-UxJl y*\ j^> 51jT : interferometer Jj-laJI = JU»JU-SI ( \ ) 



oJJj cu-L jJLLs .. « y? 1 1 ( 3 ^jLSI l-i-Ai ^-p dJwi_> ^1 oJUJuJl 3 ^-pjj 

ij jij OVl oLj jS' Uj j-^j <■ 0 JJ 3 ^..ww^ . (3 (j?l 3j-^_>Jl 

9 , * „ p 

015 L^-g_4j t dlL ^3 Lfib j-Lu i^_s p ^ygJl ip 01 ^3 1 4-s^U>iJi 

. OI 333 oIpxjI 

. 0,A JSOjJI ^3 t 4-«-^jJl A_> ^laj ^3 C4-v^L^" AjISOo ^j_4 p- j^/gL) La C,5 j I LJ 

01 (_$1 t p- j-sO-U i*_OI aJpL-^j.; <u 0*)L,^L J5Ljlj Obj-^ 3 ^ B j A ^j-Oj^JI 01 ^^5 ^1 
0L$ 1 j5Laj l ^-sjjLwvj^ CB j AC t jJLS ^Jajl (*-* • ® j-j-^ ^-<>5 A 0 r° * 3 -^ il 5jc-ii 

0j 1 ^^- 3 ! ^<0l ,J5 | <u~cJL LxjIj 0 JJ 3 015 CLJ 3 .1 jjj-s^ AB ^u03 

> " * 

. 4-aL>o1 015 U*-g-4j t L$Jb ip ^JL> 15 ^>ti4 p- j-s^zJl j*-^J5 

to ISls . light cone ^ ^*aJl 1> j y^J! lj*j ^1 p oJm> o, ^ ^ JSljJl c-I^ajj 

LgjLi t d)L^*j^Jl ^3 A a laJL. 1 ' aja1x>&^ c-»L&l>tjL} a»u^*aJ1 3wL*_j LJl— 

^'y^i i> j trajectories a*^^. c->ljL-a ^s- ^jUJI 3 i ^ y* 

aj^IJIj cijjLLjl i*Jil jl US' .A J future light cone J -fc— <JI i 

J Sjju (_$JlJI past light cone ^^UJI ^>jj^> jjle- y ilglS’ c-'UUo'Vl jj> 

jl o^La A^k-— ~->J ( j^l<kj *y aJI LsAjI U-i A^-jJl aj^^- 1 c-jIS” LoJj .A 

> 9 , a 

t A <d a ^J 1 yo y ^^Jlj t I^Jl 5 oLxjy>Jl o-La Jio OLi t ^ j^il ipj-^o 
01 t oUJl ^3 t LJ[ . A J f- yjz> -Uj J->-b oljLw%w« IjJ 0 j5u 

O^LwoVl 0 l l^I t principle of causality (i^^Jl) ilLjl oJipli ( i_^o itjL^JJl oLU^Jl 
0U c t yJs 1 1 ip ( 3 j-flJ ip^w*u jy^l O' L$^ Cj^^i ^ j . ^jl^Jl 3 -^J 



p-j-s4> 0>Us» j j->^> Ll*> la j 1 0., \ ^ J5LtJ! 
jL50jJI aLlaJ ^.4 

o^O Ax»-w^>- (3^ l)j5j i—5 y»J . A t AajLOI 
p.^3> I?j y-^a j3-b ^ jLwO t A y* 4jjd^> 
. ^iaiuJl Ja^Jl y Jaj L3* j 



A jy all causal effects <L. r r ~Jl jliVl Ji" oL J j-i3 ® JiaAJ jl LjlSiolj 

<j~r) ^ <i' of Jr 


•^iL<aAA>wQ*J 1 P" I 


*yj> ^ J ! lH-> t/ cf 5 

. *• j-^aJl ol t ijlS' 1* Uj15 

i jJl J? ^1 aAj t jl^jijJl i SiLJl 4~l>tL«Jl oljLw—aJl 

zero lywj ^jL-J ^yJl JUjaJVI l»laJ J ji= j^Ip t ?J ^ a J l • worldlines 

. null lines j Jz'yu LJ $i UJ y l separation 

jL^lsNl j^ 1 j/1 ilJu ^3 t IJla f- j .All <p - t>- la^- ^~*~*Jl jlS aJsJj 

C jl J J^JU jj-Sio-J l jJJ.3 ^yi-Pj (. J . tU.^S' -t>- (_gl ^v4j j»J 

c_4jl j-oJS jL tjLSLojJlj aS ^j>JI oLm-LaJ 4_^3l_>JI j_pI jJL |»IjjJVI iJ ji\_>- ( j^> 

o^L-jVl p ^ -. j il ^ j *-* I ^-a L<j-» *— -* j° laj LA*j o SUa^Jl 

* . ' > * 

: 11^5 Ui_^ Sjj^, JLo. Jl ij&l^jJl 

Aa^j'VI 1 ^ ^ ^ 1 oLld .fjllA d-o 15 

9- j^aJl o*w^j 

aU^jIiJLIjN I Atfj jiaJi ^i_P j-Jl CJ^iL^u 
. 1 aU j j Ip p»j 

>/ _, 

The clock paradox apLJI S3jLL> 


. _L*j A>*^j2 yj l io jj aS y>- ^3 ^~a *■ bjJU^I JU>-I j A>-y ^jflj “tflj 

t il _ r< J! jj-o l j r £> L>- i— t c^fi Oj-ijJLxj g 1 Ls t 4 _j^jJ| ij^Jij ^ 

? j jJUUJl o jJI ^1 dhJ jl jv-* jli t inertial observers j^JUUJl ( ^-jl j 

f-U- jJLlj l 0 j -iJl jA>n]\ (J y>- y^j 0 _^S” LaJJ-P 

o^- 3 ^ bJL^j j^jJl c iS” j^%}\ O _jjli tj yA->j • 4j^\jj 


1 -iSLa j . ojJ Jjo jiJ Lo 4 ^jJaxu>Jl < 5 * j>z . Jl jl 0 ^3 aJL?- ^ 1 p 

jj^si j^Jl f-')l yA JlLoi y^^jy . ‘ul p 0 ^JL> j* iaj La 

. j*_a.Jj>-l ^1 <u^aJL ioiaX^o ^>Jt ^^P 

* 

pp 0 ^ ^ ^ ^ p 1 ^ 0 ^ 

l_^a O-?- j_y*J t Aj J_alii (_£ I t Q^jgl jJsJ J 

4JjLLoJI oi-A CJjJj Ji J . U->- J^jL>tJi ^ ^s! JJ 2 t 4 -s^li-tJi A^wwwjJl i» jJaj J g la 

oLliLw4 twin paradox j^-Slydl jl tclock paradox IpLJI iSjLLw 



. bjk jl . ajL^^AaIIj p-Lo-L*Ji ^.o iLjJ? 

^ya B 4_>a I jj Loo C jIjJI ^3 A. ^jZLuj p-I^>-L B j A jUI yi\ 

^3 aJl >-j ^3 t (l^J ijjL~» j+S' C £^iaJlj t P j «/g^l AP j+-» ^jA I A^>- io ^3 ip^^j jIaJI 

oJLa oA-^*j iiL *~ a j-fcj t L^-L<k^>tJ L _5^Jl ipUi L-^L^>XJ ^Ll 0 Ap ^ j AJ j^i 

. CP A_^*JPvo i — a3^I_> ^Ij>- Op 1 t L^->b ip^-*Jlj^ OjAjsJI 

✓ * 
lAj>- ip^v_> t CU3 jJt ^ la *^o i jl5 *Oli t o3 j_*Jlj < — jL&JJI ^Sj>- j £jA 

UJaj C B ApL-x (^1 t OpL^x jli IjJ^ . A ol jj Ovw-j 2 j U— ^ J t 9- j -A/aJl 4Pj^a> ^j-a 

clU-iS^) A3 A ol j! AJo^P AAP Aj>ej B jli !A_^_A^j . A CpL^x ^Jl C ^wjJ L !Aj>- 

. oAjAp Lol jpl o j-oP ^!jj> <■ (^z 3 jVl ^^P J-* l/ 4 

cp-j ^ tlflS' cyoSl ^Jl ^kuli tL*> V11 a J5 iijUJl ^ ^j! 

c Ajb ^LaA^JL) j t . iJlp ip j+**j 3 ^jo p -* I Aj >- oJlp AP j+**j B ol C >1 • A 

t ij j^sS\ Jl^S! JL^j c o^JL>«Jl o ju*5 Ij V aj jl U_^JLp jl VB o^jJIj A juAj ^JjI 

?bU j t I ^jA I jas- I 3 t b| . ^ >- ^ 3 ^1 

L^A_SsJ J . ^oJjl^CLa lljLS* B J A jl t J^a^l j_aL1p ^3 aJ 

jl j>A-o t ^j-aU>tJl V -jl LjLL^I J-*-> A ^1 j| t ^«j/l 4 jlJL>- ^3 C j-UA^ 

aJI i A^jLiJI A^P ^1 J~v2j AJLP ^*> jLjj ^/jl B ^^-Aj . ciUA^ B ^I^jJI 

A^P^*x APjJ>-j AJp L^A>3 Aj^j* t ll CP J-OJ ( ^j-*/2J Aj*_) 

. { j r &j')l\ ^\a **> ^-Lp c ^L>* cJlia^Jl ij Lg-) ^3 UpLjAj c a^*_L^? ^ 1 L^JA>^3 A^/gJl 

c L*-« jrr 4 ^ i \ X J^AJl 1 *3 1 j-oJL B jli Ia^aj 

. c3 lAAb jLfbN 


End of the journey 


Time 



Space 

Deceleration 


Acceleration 


iaA»- jl I ( j -A-ai j-lJl aJ jLi-a ! 0j ^ T ^J-SjiJl 

JaA»- j! LoJO j t ^^AjLw^-a A |»1 jS Jl J 

AjLj ^j-wO La t B ^l jjAl ^ J_>- J 

. fc >Lli»- Lil ^a 


Start of the journey 


m 



i A-J^xP {jA tB <L>Ss»ij (_5 jjl U J 

li^^>- L^a-sS^j t bJI JLpxjJ bJ|_j • ip j-wJl ^3 c->l ^ijJl o-La jI^ipNI j . lai > J->-U d)l LlJ-p 
. B A I ^lll I j^P ^S"i A ^1 Jill ( 1)1 ^-Aj 4 4 jI^ v — c •* — ^ 

AjjjLaJlj ^jLojJIj jlidl 

^-A ^ j ^jj ^oSj C Aj ^J slIj A>s wLflj 0 ^J*P -\_*j 4 pL>- 

^ ^ ^ <* ■ e , ? £ s’ p p 

general theory of a. ......U iaUil ir^laJU ^ J*J J-21 j yai-l 

4JLL«juJI ojjLJl LlvaiH d?H 4 i_s® t ^I x^ ul “tiJj .relativity 

4 j-£*S- £_)L~Jl 0 jJlj! <_yi 4 ^ J-J I 4 -d- jjlsl ^ jjl djJ-iLpxJI j yj\i diJjLt>_>J 

»< * 

k_jd_b li ( j r Sijj 4 OpI — (_ y5 1 la . «.. ' Ij^jLs i)\S Juilj 4 Aj^iajJ! QjLo^i 

da jb'.JI JS-lij 4 ( ^ J -a3j'j/l (_£ ~»Jl jA! jiaJl ^yjs y ^3 4j-l>iJ C~jl -iSj . Ajlj^Jaj 

JljL*Jl f-^ax-O £_OJ 4 jJl O'* J^-’ 4 ’ *t5 AjI ^ J . j ^yS diJdSj 4 A-w^O—tJ I 

1—j jju Nl 4 jj\jh J^ul 4 ^ — ~ 1 a_Jj Aj jiadJ I ul 4 ^j jJLkJI dl j-iil ^j-a dj ')] ! 


. jJjxJl C-4j^>ti Lg^i ll)lj C ijOLaJlJ £^aj! Aj^iiJ 

^yi A~lj j^lJl 4j^iajJl LaJkNjI C~*-d> j 1 (J“'r jS "^ dr 4 d)**' 1 

4^-^vJ ljL3- £-j3~t A-^UdJl Aj^iadjl jd ^j^-> • A.««~»JlL) <W?L>Jl Aj^iadJI j^\ a 

• (_y^ &S* j»i J 4 dL^<a-5^ ^^_y5 d^i a Is jL i ^j»a ^olj ^1 

> ** , " ***•“ 

^.ahj d)isL<Ji ^p ioJib>xJi tj (i)i^ ^1 1 1 j_^s" i jj>- Ojjis 

, ■*’ p. <» 

(J >i>- 4 A-^wa^-XJl ^03 lAA (1)^ ^-A ^Ja.p| 

. iJllJl <UlA JJl Aj J> d\ 

o^La Ij t «3 j+jt ^|-A . ^-obu lob>c 3 j J J 1 

( 1 )^ bgJ ^Ja_*^ jI^Ip ^ i>tjb>Jl 


jU j-^i J->-j JiJ)) . 1-X>- j>o j^J olS'j . aJoU >*1o J o*Jl j-j3-*S\ f-LJlp {j* jj* j-*j 

p-b ^0 4 AJ jL-*aS" o^Lp Olj { j^-\ 

V} ^ ^ . . jL^-a ^^3 4_Ul 0 } • (J^3j . O^JliJl (jiaLoJ AJd^J t Ijul 1 ^>«^w4 

l \J& t oj^-j t j L ^jdib/ 1 4 j jJ 4 jul-aJl) _ * 4-^i£JI 


(^) 


a \^V_ m ^ 4 


Y • • 



Jl*j ljLp Uuli j-U A-oL> ^ # * ^Ijo 

ia^'>\-L-u LoU t Aoo x-*p /y jO ioSlo Aj jiaj CJLS* jJ 4 I Jj* A-oU 0 * * 

c-dj jZj t <L- ) ^Xj>bJI IjlA Ou>^Jio 1 < *— ■ JL^-jI 

^3 111 Jaj l-**S*j 4 JaoJ LfcloJl JoJo j ^jL^a-Jl LajIXo ^3 jS jj>OI ^jp 

JijJ N j ^L>- ^^O’jVl aS j-O ^3 j— *jJl |jLg_> _^— • •» Uuli 1 -L$sjSsj . o, \ V 

. U io j>j 

iai>- UjjIs 01 . aloJ ^a1>cj 01 N t j»^/l AiOio c5^ c ^j~.-o.JJl l)Is 4 ^iaJL j 
01 *)J oL LjLj^ conservation of matter and energy iiUaJl j S^LJl 

i)\j OjJjJIj j ** Jl apL*/? Jlxj *1)1 l^J ^1 p . Or 0 4 aUL*u JjJOj 

{j * j O-Ao Lo-^j . ^jIp 0>a J>la.^ I Jj! I^jI jl 4 JSwJl ^3 ^xj IgJ 0L-> Jo JLs ( j-^jOl 

^-Lx-idi OJoJl *0 jj J*^-3 4 ( ^<s>jVl ^^-3 4 l^, L.o.>lo ^3 d-US ^-OLo jOj w- 3 e-^Ji 

4-P jONi ^J-xoj 01 liOi ^£5"! Aj jiajJ Jl3 . <UjL» 0 * * > 

. AjI J) C^3 jJl ^3 J^oloJlj (j£ ^y? Jl ^JtUl Jao*}^ cLsOsj 4 * j-s^ll 

^jJJl j*.* • aJi^ ^Jl <*^Ju jju ^a Liu jJis ioliJl Alvax-<>Jl Uol 

Jli»l JLo^j ol 4 ilr^^ . IJUl ^3 ^3 jJ A-ojlo o ji AjL) Ojj-x^Oj N 

O^o SJol^j a^.3 jjljwA 01 iJAo ^^1 ^ ^-^Jl 0^1- ^ ^ ^ Ji3 ^-^>JI 

✓ \ 

* \ 

; 9 Sun I Sun present 

\ ' 

\ / 

\ ' 

X " 

s > 

'" : 0- -"" 

Earth 


I Sun vanished 



1 1 ^ i .a j) La *)l L^jLs d--»L^ . oLSL-o <■ Lo^ta 

jli IwXSLaj . oLSC* {_$! (J-S' ^ Lc-jli Jyi > . S. '> Jl Oj-^Lil uj. • *cj-sL>JI ojJ l _ s - a j 

<UtJL>- ^yS J J->-J (j-f j»-jj (J-^ C 4- ~~ cJl ^5* £ | _ J -*’ j*-*J l 

. r S!l 

^ * > i , » 

Space i^Uoill i-S" ^J! JJ^I.3 UJLW ^JJ! ^UiiJl ^SUJl Sj ^SLkJj 

i*. ol^Jii *L!L>- lg_n . ?4-jiU>xJl 5JL?- .(o,\ t ^Jiii) Shuttle 

10 ^ aJ-JL/? *L_oL>- 0 ji .iILla (JI^-> V aJI La t micro - gravity ^ j* 11 

c ^*>UI (^5^^ ® ^»w? t (JL^oJl ^v^Lp^ 

0->o aJi 5" L^la ^/aA:>tlii V io^L>cJl 0 ji L)L j^La j tjl t JjolJL c LjJk^J aJIj . I yW? 

c j\ aJ>L ^_$L!l iJ j 1-La ao^L^J! .iljJ^ ^LviJl <jjls . c_sj aj! 

j^j ki— >- c j I LoL^.^ Sji 2 l>L L^_-3 N 0 j^_>- ^ ./sn jl p ^JJ 

J^SsJj t L^-U^b J5JI -V-iJ (1)1 A^>-jL>- /_£ ji Aj! £-LoJ Jj>-I y>- j»La» o^>«^>Jl oJlA jljJjv- 

JJl>tlJ A-w>^L>tJli 4 io3L>tJl ^\ A-.-.^ J b ^jSbo-o o^UJl PjjjJl 0 j_A 

. (1 )L»jJ|j o\$US\ jfi^Ui !jja C^oli y $ )ga 4 

^IiaJI 0 ^" aj'S/ t A^j^L>tjl j ^J^.- qJ I I i-La A-^^Al ^ Lp >xi3^ 

. (l)L$L°^Jl A^Ju^j L^Ij 1 jL« 2^> ^5 A!j j>^\ Aj ^ iz>tJ 

A^JLL^Ji ^-A clUJlS Jj t OL^-aJ-li LoIj 1 j-fr \a.J» A-^J^UJI oLi L lil_J L^j-S^j 

jlSl^J! ^ ^LAjjJl j ol ^ aJ!j Jl j-U'yi ^Li a^jL 5 ^yJl j t geometry 



‘U-S * ^ LjuJJ? »^JjJa_j • °> ^ ^ 

.(NASA ^ \ jj ^>) Space Shuttle *LiAi) 


■ 01^1 J ji-P <j-JaX> d^L> ^ia ^ i l ^1 c-A*^2 j Lo-S” c 

. lljli t IXa Li a~q^ a!l> ! ^J-^ a j>cj 

Non - Euclidean geometries 2 LjlJL 3|^UI 4~-X^Jl 

^_3 »oL£^l_Pj ^JLp® L^L JJL^Jl 1 

. ^ . i3 ^ * * ^\jJi^->" c Euclid ^Jl Jjl . «0lSUJl 

<> > y ' > > ^ ^ 

ui^a^i ysH\ Ji> 'i ji\ A^Xw^Jl C ^ ajwL«Ii 3VI 4^ju^Jl i}\y> 

. ^wc-M C jy~»s > sJ Ij t^Ldl ^ LSj l^"b“ (_y 

^ ^ t 

oL^j-UJl j-j^> iJL*-i Id-J ^jJubN! oU iCjLwiLjJl ( _ y 3 ^i>-l 

l_gj! JjJlp l*Jl statements oV yt-» ill la j .postulates oUi> ^iJI jl axioms 

> > & f J £ 

^ lib • b-r'i— 'I OjL^*Jl _XoX*_) LoAi^ L L^-J-P aIS^ X<y-Xx-J J) t L^1 >x-s«!2-1 ^-L1^3 

. Ls^l ^*-*-o I^Jlp o^ t oLs^ o* j-^-i 

£ p s 

c. .-. *J ojLw? ij! I SUjwLp ^ c^i j J>\ £-\sj>-\ Jjj_b 

<ui~-Lo j-S’ li^L^ula Lo^S" i La ^ g-s c -L>- jl*jI ( b j 

cO Aoi-W^f) o_j>u oil JJtlj • logically self - consistant l^-~il ^ 

j^J! lOAVtAAYl) oL^jj i(Uoo_WVV) ^ j t ( \ A“l *_\ A * Y ) 

ajJlJLsNI 4-^. u ^ ll ( jp Lgj'Aii-l c_s j-*j j! cSJujp 4 j~lJlsJ j-s* cjL^jc_a 

,M\ iLUJ! aJcLoV! 

Ujp- (0 0, ^ 0 b^~^l jl . ^p-Jc^A Jaj>-)) Lj ji 4 _JL*j c^jl 

? , , i 4> 

^0 A la A.) ^3 Ll»L>ja Uaj>“ Ui • ^.^.Al«-v-Q 3*“^ t J** J^°) 

p. < ., £ 

aJL>- ^3 La! . 1 A-laugjJl A^ ^J>- ^*>Lo-4>Jl oL>t_>l 0^3 C ^X>cX<>Ji 

(_£ y>-\ AJj ^J a ( *. — «>) 0^ ^ 0 J^SCxIi ^jj . ^ oL>cjVI IJ-A 0^3 1 *«*,*■»] I JainJl 

£ > > 

(jts tB j A ^j.T la a', ll Lo ^ ( _jiJl Jp jia4««jl j-o l_a~ ■ «■' _bwL>tJ 


L. lib • B j A ^ N> f j^j>H\ JaiJl 4ll 




■r 


oJj-j jJk ^iaiLoJl iaAJI 


> t- " \ " t * > 

JjJaJl X>tL> ci j^*i Ajli cB J A ^JaQa>j JlXj Ll<^3 

. ^jail<jl iaaJt 

0 Ld L l 2 i j_laj>Jl p-o'j ^ 

{£j\ U5 . A-aIxJIj aJ^_4>» oXa A ^ »>«^Lwm-»J 1 Ja ^iaa-cJi ^/2j\^ol>- 


y *r 



B 




Straight line 
(shortest distance) 


16 ) 




ojLdp'u (0 ; Ja>«JI . 0 t \ a 

. ^hlaai iaiJI ojLipL (c-j)j taJ _ji> ^if- jly^, U-LLC- 


-=GLs t <c^-j \J>- P cL iaj>J I Ll>-lS ol^ j-J aJL> LjljJ ^iJIj 

Ju JJlJ j . L Jaj>JJ IjjI ( i Jai-3 LLl?*- t P AlaJj-Jl j--P <• __/■* ^ 

Lg_jLo| wLj J- p tj^-ws^ 3 Lj j £ LoJ-p JjL^ d^s->- c I J->- aJ c ^J_*»aJIj t A^s^^-aJl oJla 

. jj-S ^ ^SCSj t ^ jJjl odd 3 ^5 AoL ^ A) ^iaj LsjjLipIj 

j l L^iLs^J j£j A~d> ji Lg->! C 3lJa>»il Aj Lg_J ^2 t ^JJL*JJ 7t_s^2j I JJlJ j 

> 

o~Lg-> Vi j-*/? ^ A_j| . Aj.iLjLpVl A-*~LL£> d->L) ^-Lp 

LowLp tl) <ji IjJwS^wj c dl-ta A JLs*JL« A*>*~LLA Jj>-I ^-4 A jjjJl 

. L Ji>iJI P aI a alIIj V a]I ^xsi ^Lp Aw*»_ix^JU 

<jL ^£3 ol ^1 c a~S"L*^j ^*-1 AiL^iaj dU.s J-*j2j dl diSloo 

Lo lit SJ j-JLa JjI-LJI oJla . L JajtJU Ujlj^o tP 4_kJLjl _^1 p J->4j iaji" ^JLS"l 

T * i 



, tf 

^yi ilflt space *** <> 11 p A * / u i ) i lt 3 a * ^ 1 Lo^^3 

. UL>L^ oljij2-u3j 43j^li 

^JLp- j^a^J a_ij-wn ISLo . ( j-Jol ^jJdu (_£i O^S>J 1 »X>e1a Igr a ■ a l jJJ.i ^a 2 Jj t ( J^>cJ J 
jL LJ 0, \ A ( Jjb^Jl jl So j^Jl ^L...>J OJ J *s3J>u> Ja jJsl>«J| O-ilS La lil *LaJJ^Jl 
Jajj-jJl JjL> i o J3\ jjJiP iB j A c j^xJaju ^Xal (lLo-Jhu.aa Uaj-8 jv— a y j I LjLSba| 
B j A. ^*P 4o-3AaJI o y* 4jtJL>cJl ^3 JaStJl l-L&j . i ^ialia^Jl 

jS ” y j~£- yy (_£ j-^— ^a o jSbJI ^la.a J^lp- S ^j| jjl JLlij ^A <UwJa-*Jl S^SloJl) 

.(Sj^l 

£ £ ^ f, £ 

K4^-Jc^**JU) ipjJapxJl oU IJJ J t jLdaLcJ \as> J>\$ I 6 Li 

oJjb L L) J . ^iaLjL^j ^5j j-^Jl ^r-la,»*>J I ^JLp ^^-1 i 

T^ia^Jl ^JbP O i 0l i aj>cJl . 4 _j j I «L?^Ja_>c-U 4_*jLJLjl o j_£oiji 

. aJ ajL^_> N Lo ^ L L^Jwo jJ t IjuI L^JpLo pJ W 

")} <oLi {C, jj >- 1 ojL^-j j . o j^Jl ^la ««j ^Jlp J : la-> N dU^ ol 

f ' * > ' * 
c^ljjljjL<Ji 4-~J> j-i ls^ 4 <>iAJco»j t oLjjl j hw° oLiaJs- 

^LlJI ^ 4_>jl ^1 J-Jj| Ji ■u-USV 

Lo-S^ ^ A * LjIjj t cjLi-oJl J-w) (^5^^ ' J 

^uL jj . aj>-j^ ^ A * L^_p o| t JUJI 

. i>-j^ TV • =C +B +A ! ^ A ^ ol j-> (^AJl U jj 

positive c— pL^fcjVl ^-j la ««* > IJ-A 

Aij^Jail ^ oLjl j^JI w> y ^ Jjc*J jl i jJJS ^a tU ji>-l US' jJj .curvature 

^ ® * f , 

g.,^-> ^Jj , JwLs^yJ t *^-3 Lowftll A a^» j ^-JLAj j-laJl A^jliJl 

& & * * 

i_jy Jr^j^ ^ Uu j' jl .negative curvature uJLJI 

oli 1 1 J^_S^ ^ r .. la aaj ABC ^5-^ ■ ** JLv^Jt O^Li-^s 

*“ A ^ A A A 

. <>- ji ^ A • Jjl C +B +A 

. s — JLc t. — ^a jl t ^ jA-'- P Lo ^La .... ' jLS jl^ aj r? ^.... ) 4j ^>=-» SiLjfe^ 

'U^a'^La SijjJl 0-*3j lili t ^tia^Jl t j -0 f-ljj>-l Ljj ^Jhj>5 jl jjL?-J ^JjjJl Jj-a 4_*_taJ JLi- 
lalj . 4jjX»~a jl 4j>Ja^wo L^jl ^1 tl L*Ljx^a j La t^J^J-caJI 4jJai5 LaLaJ 

^ Jg.^JJ j La l ,1 a ..,<a 111 ^la . M 1 1 4 ../3 .aj 5jjL>tji ajjl ^3 43j jJJ .L^pLoxj j oL Js> oJ-j- l^| 



A | Pol c l 



jJLS"! <■ c5^^ *• ABC «J^ LL »Ji L>1 jj ^J-o * ^ ^ 

aj jlj dj % Ai-JI oLi^j oli t c->iJLllj j^Jl ti^JLlCoJl I~La 

, C j B j A ^j-j <Ci?lia^ iaji dJLi i jla>Jl Oi . ‘CojIS 


La t aJa*jJI 4-Jlo-P *LJ1 ^3 A3j j5\ y& cLJltll JLoC1>“'V i J . L~>- j-a 

l o J *ja U..i (_£ jJLol gnla^.ll ^Lp a^A ^ jjjtJ <L)I djL>- . LJL^> i ^j>c^A £*Jsl*JJ o I 

• (Tr^J ‘jj^J 

L^cw - jj o I ^j>^woJIj ^U.»^o.Jl O^LJl jl5ol oj ?oSl>JL aIS* »dUi aS*>Lp L>j 

JlxJ! ^ OL^LoJi ^l>_;i <L^jjla 0^3 ttJljLoJl . ^*51 ^L*j! c->IS ^Ji 

> ^ > ' , 

a»*^ f yA c A-4.^L^cJl A^*«*>sm^AJ {^j L ^w * »o ^ Aj ^J^ l. fJu> j ^ y»Jl^ t ^XJ 

to Ja ^la^<Ji Ol^La^Jl A-^JilA jU t i Jj! a^j^j^d! <L>SL>Jl u ^ wj . fiat Space ^rla^M. 0 ill 
^lj ^3 0 j^o L)i oLajJl j olSv^Ji A^tJ^A (j| • Lilt* t J 

1 ojUiVl jfJo U LJli-j . ^xJjiill (j-* JL>Jl 

. ^spacetime is curved Ju oLSCljJi ji» : J jiJL IJu 

<* 

4 ^ - Ljb ^3 oLj! ^Jlj 

A_*wJilA t jl^oJl A_a-w ^1-P AXjLmJI aJj^VI tONl L)1 

o y^j ** *^Ll^>3 oJ_p1^ax>j tS ^rj ^ . OlSCa^Jl 


Y *1 


Jaj>- .kJaj^o . ^A-P^M c5"^i LjO^-*-P *— ^*’^“ J 

t/^JLs^/l jjj>«^<Jl ^^.Lp ^ i j 0 jVl ^LflJjV I £+ 10 j-i' Lla ^ jjL>j . S j_ 5\ Jl worldline 

. (jJ.}j^*_!l j^gx^Jl ^ip ^l^Vl ^Jl Oj5^J I C_3-ii jj^a ^..,^>4 ^Jl ^jJl £-^J 

i oJb>t» as- j^> ^jLpVI j^Jl o j £] I c~9 Jus -UsJ ; ^lliil j-* SJ^a L<> OU jl^ax j-N Lj 
(*-• t^i £* Oj— jr? tj^J • I_s® lr* ' Y j^J 

p. ^ p > 

^15*1 jg fl*™ t LoJ^jj . Jg^JL^Jlj 1 J^J |**J l jJLoJl V,0 ^Lijjl 4 -^-; '«+S »*-A3 y£ ^jS> 

^ ^ t- ^ tf p. 

JJLP oJj>“I J jl A^jliJl ^3 I J^A \ T ^J>.ygj |*-j _^->c-» \ ^ «P ^-*» (jU C 

^-Lp -la->“ J-5\_jJl ^3 jag.la j j .^oNl (Jjl Ajta A.O C--3 JlS ^jjl (jj 

' > t * • , ~ > 

jIjj>sjIj IwL- . Parabols £^ 3 l^*Jl a 11j ^ ^^0 L>jJl JJwP 1 — 3 ^-*-* 

p. * > " 

£\J^ j-***-^ 'i-owjJj oj|Ju>*Jl tO ^JJ <Uj t JJL> N 1 AP^^Ji 

jj>tj iS ^> kJIj 1 Ajk^J Lo j^>p j-w2j tl) 1-3 t E jS\ Jl aJLvsJ ^dJl ^LLj'yi 

fr ^ ^ 

. i>j5JJi J'" J^- 4 ) J_p*-A 

> > , ^ 

Iaa tjli~J 0 j5sJi jl i~>aL>cjl_j aS ^>«J l ^^ol ji i_^>- a 5" ^>Jl oJla h_^ai 1 LS 

t l^xp^ ^ ? Lk,>! ^]l t Ji^Sl ^1 S \j&\ ^JUo- ^>jVl L,ibr 6V ii yuJl 
LjJSi Af' Lft J-^A y 0 j£S\ oJla ioxl>Jl 0 ^3 jL ^J^-J N jJl 3 t Ai>A>cJljj 

Aj!>L>tjij tcs- f» l)1j IxXJj aS’ j>tJJ JjNI ^Jj y*j 0 jjls (jl) ^1 

ii ^dgLfl^Lodl Jgj>cJl (1)1^ . (, 4**s^- j\j>- 0 y3 AjI 5y>-j ^-Lp aJL>- ^3 

f. f. a * * y & t 

kaj . ^IajI A^ujI ^jA 0LS^°j £* J £**+a i aJ>- iaj>tJi ld_Aj 



T • V 


oJlaJ IjS ^j->-j I o, ^ V { J_SwJl 


f 


Jlp <JU>- 


C5 3 -? 



. Japxll) i~i^L^*il 



t(o,^ J-SwJl 4 ^^-lUJ ob_isi?j (_^jJl jl£o»jJl UjjJ jlS' lil Ul tilli 

• ® «Ji< w<ii v ft J 1 ® —> a j»pJj ^Aa^« ia>Jl IAa 

i o ^Adl ^rla.^jr t ci^o <jl \^SL*j i o^ApI ilb>j! ^3 Lo-S’ j 

' 0 * 1 

i ^A> Ua.^J I Jaj I wLJ^ 4 jL>^-W 1 d AS\-a j ® A>j^ia_>- )) ^Ap 

. Aa <1)1 ^£SA Aw? L*j A^lalJl gAa • (j ^daA i 

<^-3 j-~J . ^isu 4«£>- J (2r? 4 ^ V ^Jl j la^ I ij 

, 0 ~ ' t, > > 

J»>- y M)) iiu ^3 oj^Jl 5 ^ _y>- ^uA-AA ^^>1 j^S s i\ (Ji^wJi ^Ap (j-^j-ri Ai < jj bJL^ >l (JjLpxj 
<1)1 /^5voj N i!l>Jl oAa jiA < 1 )N wiiJi . <A*il jJl iiUJl ^AlJ L^J i ^4^j^l>cJl 1^-3 

ol ,y>Aw ^AJI Ju^- jJi worldline 3 ja- jJl Iaj>- <jl . iLli ^p AoSUJU _ lA - y 

. ^-wj! ® j~*-&3 3 4^-g , aj < 1)1 I^Ajp ^jJI ^a^ <• ^a LaA^** Oj^j 

JALjJl ^^3 4 x.la,flI. . » Jl J-J-P <1)1 /^LlAJLjT ^ 1 J (Jj-^j c_ 3 J ,«.» 1-9 !»X^1aj 

J j-Ajj . (j; 5 jI <l)jP i*Jaul>o dS y>- < JjL<w ^Aj 1 ia>xjl jA i & } \V 

. ^A-JlsI'V l)Loj L^L>t4 jJ a ji UjLxpL io^lpxJi O^ t ^3 ( 1 ) ^4® 

ol ^ J 4 t LU jJA- 4 t j t j*-Lo (J jiJl IAa Jju j 

* ' , ' *4 * 

. <o» (l)l^a ^S* ^3 <p tjl Jai-JL 

^lpI^3 j^Ap Jl,<>jlxj ciLl As* Lg_»!j A>>^-4jLw_>3 Jp ^Ja>Jl ^1 o 3 ^^ t (JL>- A>( _j 

i V ^3 <. Aj j-A-sN I li ^->/7 j^Jj . 

^ 0 ^ ^ AjiXAjl o ■■■«.*» d 4 m <«xi^J I oA* AL»»tj» j | A^L^j 

Aa-^-eA i ol 4w^dl jA ^idi Jjd l j-pl ^JL]! (jdsAjJI <u*«jujb 

AgJli . ((^iiwvwdU) ^Jeup j o 9 W J5AiJl 

* — j^-^wLa jL^Jl ^1 p 4_^*< jj^JI JlpI j3 AaIA> jJ ^ ^ jaUaJI 4-Pj-wJl 

. L^aIp^jIj lfs>- j2i ^3 ioL l 4 _*j i ^I^jVIj ^j>- c 4xp A A 1 

iajl jj>Jl oAa uj . ^jJLUVl ^ IaJj>cJ ^^iJl laj I y>dL iilAJ J^<j ji Aa dJuij Ji j 

t is> jJaJtJl oJl* (j-^-J J LUjAjj>- Ia jAxpU j AJl A» Aj y A LJLp 

Lfjl ( jA t t ^j-SAoj . uAw c.^ w J t^->c_L<kJl jN I J a , ^ 

-• 0 $ ^ ^ 
drf 1 cs^ 1 ■ » (^ 5 -^ ijti j-^.i ^l 1 i> jia^tjl 

. ( j-JajlJ! 1 . 11 X 0 t j-o ^ijUa^i Jaj^i i J^>\j>- 



yj jl • 4-^ot>jj 4j 4-wJ j-*> j/ 1 ^^IaJLoI 4_L2J>- ClolS' wLfiJj !A^xk^ 

<* ✓ , > 

4x«^AAA 4 0 jjj.ya.llj 4 jl^ojJi 4-../AAA ^jj»J>tJ P U^LdJ I ^3 iEllaJlj coLo-U 

* * * ' tf 

^ ^ 1 4 4x».y2x^ -ji Ja jxlai>- t _j^ Lwj L^3 <5* ^ J Ja-^ jli 4 oA^S" <L*/AAA 
ol>e_>ljJ 4 <t. Ig, «,« O 4P j+~+J jl^-O^Jl ^3 |*-***;jxJl 4^ J^~ j*j\j 4j Jx-wJ>*-^jl 4xApxAoJi oljL-Jl 

> > " > jt > 

la jJsl>JU _^A 4,^, -s Ji J^ j^la >tJl oJLa JjLo tJyuj . j+klj N 

. ( ' geodesic lines 

Xp' L$ j^“i d j3 aJLp ^ L o ^J >- d)l ^ j-^i oA-£j <■ ^ j-^-Jj 

A - -' A - ^ H wLpI j-3 L-mmP" C«3 y ++L>lmA y^T ^ J jJ? ^ j_>tAA 4 — 3 j_^»j 4 4-*j3L>xJi 

c^)l5 !«il^ 4 BJjL-*J1 <u^> I Aj a^>aJ d- , 'y I ^jA ap y^s^A ^^IaJajI ^y^iapi AJLl j . cAjL-JI 

. 43j j^° ^3 43 UaJlj o^UJl ^>j jj U j-5*“ AaLo jJl*.<JI 

J * # 

. <ul*Jl 4**»«l)| Sjjiaj <U 1 «j U ^Jh ij>* jA iJlAj 

<U j>]j;JI jLp olflgJaJ 

j5sj! £> jJ- aJLw. 4 ^ ^ |»Lp 4 “ j* djl 4 4~-~-lJ A»ljdl Aj^^laJl (_j~laj jvJ 

Jjl5 L^«a_>kJl^j! ^aJI aJ l *«» ^_1 1 ^Jj>- aALj jj? o-jLS*^ . 1 A-o jJaJwJl S^)LwvmJ 1 

o S (J y^ pL^.a 11 ji aJ| U jJa i ^aJIS* ^J^LaJI) aLU-jj! yS> 

- « 
^JJI Lo 4 C-^'y ^Ia -0 oJlpL-n^j 4 \ 4 4-Ia^S^ 4-LiSsj^ 4 4j ^ jS 4_^*JJ 

>» j > > 

. L^J^J>- olSCajJl 4— ^/AAb 4-J-P j^^j c_3 

V— . ^ j/ i— o 4_Jt — ^ 4 l^o l_^_; o o | 4„1 1—.— — ^-J 1 o Jj>- 0^3 4 . Is *> x-J I x^^c— 1 ^ 

^3 4»o I Jj>cA-x*< i Aij 4 4x^-xvjJJ I Aj>- L-xoL-*»i jJuU- JJ 1 y*A ^jj>- jSjKjy . SAjL*-oJ| i 

> > > 

4-xw AAA ^p c ^JaJL 4 Iaa 4-x^AA^JI j.l.>>c-j^ . 4— vx^-jJi 4x0 j).laAoJi i ^ « Ay 4 oAjxXp 0-^^ U>t>3 

x tf ( ■* 

4x^x^Aw-0. Jl Jp ^J aLPrJl C..,*.^) 4-^JA^JI D*i-A ^3 CjL-^ 3 jli ia^Jj 4 LoLoj ^j-oJLJlsI 

. l^jli 4 j jJiNi 

4_«xoJjJfc ^3 4 AjL^j3 ^->«J| oAx& Lx^w^tJ jl Ua^^-j 4 o ^^Ji i ^ a J (JlAo |Jl— a 

Jg j^.la >- jV <J 3jLw*x*Jl 4 w ^Si^_^Ji 4^ j>- A^jlS 43 4 A_L»L>-jj1 y^S* 

0 , \ *\ JjsxjJl ^3 -b>tj j . JlLU-jjl j-j 4_^AAA oL^j3j^>- ^^3 ojLw^Ji ^51 j-^vJl 3 J^TJ 


^ . A . ^ti a^ c ^... :l a.a> Jai»- *j*ai\ j> ia>Jl ( ^ ) 






•2 * y “ * 

coLSv^jJl JjSlviajl j^>Jl ^le- ,a -^^®--'i J jJj . J ^yTJ Ja^J Li-^ j 

4-Jlp ^J ^ * - -» 4 L*-L«-p t <c>ta jl j^oJ! !*Xa^ . jLww^Ji c_ .OT^idJ jI~l« o^-L^ .> c Jwwv3 

. 4*u^L>til^ £S* ^?tJJ ^5 ^1 L>-J Lj^jJj 


t oJcaLx^JL L^j V o jJw? Li j .iJliA OV dlta ! LsLoJ ^y^Sj tLjjJij iJjJLj 

^Jsul) ^JjLs-JI ^ -,<a 4 ) 1 ^3 j-uLJl iJjfc U.^_*il JJaJj . * S' ^5Ji pl.lJt.wili. 

j* JaiJl 6 } j t piaLo precesses j-^JJ ijlkp JIjl* 01 ,(£,VA JXjJl 

jj-U (perihelion j ) jLuJl ^ paiJ ^ yl ^1 Lr ^JJt 

!* ^ « y , 

(. jiL^s li^Si U^ j . OLa^ll ( *yO O J Jir ^3 ^3 4y**yJ* <Ljli. £Y* £-)lJ ® J1^~^ 

^jLLxp iJ^-L-so X^L^i ^JJl ^*JJi ^LJJl l-jl£* S jljL fUS! ^^jJL ^-uLlH ilJiA’O^i 

. jZ »& . ^->/LJl Ja-^lj)l JjLa Ja>*^J {_£ jJ I j 4 I 


dlta oOa i^y^J t jLa jlaJuJl (J *•— ->jL>^j-. l Lygj 1 c^Ljfcj 

AAijJaJl j t Ajj^>clil o-Lfc C-ul5 JJaJ j . oAjJ-P ^jhJ l$J Aj^>«J j 4 p j^a JJ Lj^>- 
a-ww«jOJ iaL*Jl ajj lai 1 1 ^uLJl 0L*ol ^3 La 4 1^_>cjLl> L^j ojLLp-1 ^xJI oj_jl<JI 


Y ^ * 


Time 



c L-J jJ di-L jL-~- jSi] ^ ^ Ji^Jl 

^ j) •/?_—. ll jljL^Ji fLsA A-ll ^-3 4 La .g .- ,q ljWZJ l-.~, .» ■?-*— i 

. jL*JI l-^JU 


, > s * 

. ^oljjJl ^l^/3-gil ^3 A-Jaajl oJ-A *X>o i . Ajj Aj Lp Aj jSj LajLsIpL 

OjU? JJLlj . Lv^jI JjLJI ^3 L^JI U^j.1 Jl5j <. Ijl^-p j^-I aj^j^J llb-Aj 

^1p aILwj j c a_jL^22_jiJI oLjJixJI ^1 Jj>cJL-^L> aj^I^o a_> ci-fc 

. ^jA Lj j$ jA JJLP Aj^j>. 2>I ^Jl 3 jLJj'V I 

l^J| ’JkCj ^yJlj c Ala«*~Jl ajJlJuNI a^jj^JI 1)1 i^Si Lgls" o-La l_s j 

j)Ji ^ Jli l^Lp L^IJl>^I ^yL*>»l ^i-P ^ Aj ^-L«l~d jJ°l Lg->1 <ls^" 

j ^-S ^j N J3 C LlL« jj>- ^yJl j C 4_*_ol_>J|j IS ^J>tJJ ^jJ j—i J-ol ji (1)1-2 dU J_Sj . LaLoJ 

> -- - „ * * 

Aj>*-Jo Jl J-V2J LjI$ j ^jj ^*j C-jlx3 y ^ 0 Ujli J-Sj . aIIS" 4px^>w? 

LjLa»Ij 3 ^3 C ^JL) (jl 1 JwJ-P i^XSv-A^ . ^1^1 *— 3 ^3^1 (1)1 LA3Lfl-a 

. ACj LlJU-j V i jSS^\ A-flj jis> (. Aaj3L>sJI o ^- aUa) 

^3 IjJL) IjJ ^3 ^3 JjLoJo C 1 -La j-jCSS Sy^j AAj j-U iiUwAj 

^ ji JL jliUjpl <u— uj* ^^Jlp i-jiL>Jl d)Vj .curved spacetime c jAL^ 

A-o*T^ ll J ^jj ^-O ^j-^1 ^»1 -Aj>CLohL t Lol^J ^Vl ^‘^4 tl)l A4I3 t U-wvwJ 1-)-^ 6 t Ia 

jJfc j l 1 Jj>- Aj j-3 1^3 A_o3L>xJl ol jS\J C (1) jj>l!l ^3 C ^ £-3 1 j>s iJU-ft ^j^Uj . AjJw-JLftNl 

. ajJlJLsNI LL<»J L> aJI jJajJl j-ip c 1-V>- Lj y> (jlSLo^Jl d)^-^j oi {l^j. (5^ ^ 

. dJJ^ ^^P OjjL aAI^I (l)Vl <„„Q*/2«*aJ 

Gravitational collapse 

iiU-A (1)15* Au3U>«Jl d)^-> t a^jJlJL c pdju 

* * > ' 

Ijjk j! ciji Jiu ci^ 5 t iiUaJlj oUl 



j\ Aj 4jgja^oJl ^3 i — *J^>tJl S OjIS* (1)| llJUlj aJwww*/^ C (Jl^^Jl 

. ^gji jl t O^As^/l 4-P 0 ^So ^3 oJuSi 

> 

Escape speed c/^^l ipj~- 

dijj U lit Lgj! lli^N JO] .^Vl ^1 .jja: ^xJ! o^Jl JLLo ^Jl 6^1 jJLlj 

Lalliji *Jj . y*}\ v ,0 ^Lijjl J^^aX^u Lg->li t iOliJl ^yj I J^a ^ T ^Juj iolwUjI <lp^~u 
C^ v L ^' ^ L ~^' i>^s- ^ t <iplvx* j-Jlosjl 

. L^pLLjI 4^jj1 

(w-ww«J>- t La Lo_ww>- L^j 1 v J Jj>c-j 1 Sjiil jLlP^I c_j2j ^_* jJl I JuSs JJ>-Ijj 

- •'a 

jli C ^J.,^3 3 V 1 4j ^JajJl i>»l*Jl (jl ^Lp 1^-* j* 1-Jl ^j-> j-*-> J^ol J-* 

. 4-J^ll^Jl oJL^J b-J o-Jl*j>- L - ■ - •■ - 1 ^jj ^-> tlr°^ IaIjI .jJl i 

o k_i-Lij 01 LJ ( J_® . OJUi ^jA ^iS"l y^ ^-° i^\ Ixx*LsLl<>j ^j-xJ 01 LnSL»_>j 

jj .il . 4 -Laj Jj^/ 4 LJLx i jI ^>01 jJLj VIju! l ^jA>j')i\ ^yJl Lg-*-» <j y-*-* ^ ° ji!l ( j» <x>-jJL> 

LiJli oji C~*-Li 0>_^o <01 (j-jL-Jl OLa ^AJ la. ... . SI Jy^-lxiL^V I 0 ^ r aX-^'yi J“}L>- ( j» jJ — j 

c_S A~olptJI Iji 01 .ll 4 <XP.lL>- o o-XA t j5LJj 4 l jJ>j')l\ ^lyJl .1 <_j j_~o LjjU o jSLU 
j-fcj 4^3^^! jixS < .A^aj (_5jL—j ^IajjI Jyi-Pj . (jyC’j'iH lO^ ^LaJjLi L^j-UXi J^jij 

^Lp L^J-P < _yXj I J Oy^ i ^ yOA> ^> I OlLi 0 Ls t Lj jAa JXa jAS 1 1 * * ^-yi 

. ^ys I ^ . i a ..« L^pUijt lij L»AS L^aLiiul ioll>xJl o y j . 

JjuI ytS^j l^jl 4 oiJj><^ 5^ o jS o-Laj 01 ^Ss^oJl y* 0 Li IjlSLa j 

\ ^ T ^51 y>~ t Cj^sV I o ji ^->tj ^iJl o j-flJl oJjt> J . I JjI ^ c Jl>uI j 

^ p 

. ipLJl ^ y^a jLS i ♦ * * * c iJliJl jLSUi 

d.^.^,1 l^jsSJ j c L^-Ss-Loj ajLL o jj ll? ^r*^l ip^— ^‘^'1 1^-^ UjJI ip j-o*Jl j j>~ j 

c-J-i2j d)i j-ii-3 jjLtfjJi ^y*juijj . ij i)j>cjji ojji jl«->i 

Jl L^o jikj* ^ ^ ^J| j t Voyager I and II 


. <u 


dUj ^jp2> 4-li_>c^Jl A-<j^L>tJl o^3 (^£*A-o 1 -^-^-j /t — » '*^T **— (1)[J i J l$1_Aj 

N 1 ip j** d)J . j^o-flJl ^]J t ^5 1 ip-Ul ^jA c 

j-o-dl ^j-w>“^>L<dl S)j-P jJ j ^ ^ l — ■— *— *J 1 j-A iJ-^j . i^UJi ^3 ^i>3 j_Ls5Jl Y ^ i 



ObLajj a I jJUiJjJ 01 ,v£jl5Lalj 015 JOJ j <■ ( J^? J*yi 

. (_$Ju5 iw—5" 1 *jl>cj Oils5 4 o . log - j*Jj t built in j~0a 

V,A ( AJlJ 51 t j^iSO 4 \ r Ul ^ 5jUaP ^ <_jj^J! Oo^ OU t l jJ>-'l\ 0~-bJl 

a^JL*j tilJi ( y^ j .S\ ( _ # 4^ jj—a-Oj! ( j -a if- Lai . ‘L-illJl oljXaj_L~SUl ^^a 

* ' * > •* ^ f- 

^la ^JLS* W • • • ^5U Uij ^JiJ t iJLJl ^ I j-LS' 1 i * J^UJj t ^-iL»w^l 

Ljj& i jo>- <-o^L>rJl {^5'^’ j-'j- 4 I*La^ • <_^Lp t_5^ 

Aj jiJi io^UJl ^jA J^L*a 4^-1 JJ JLi bJli t J^^SvJl ^ d^' 

/ ^0>jVl ^k-a> t | 5 ip jA jjOJ LjOOa N 

_3 ^IflllU t ioiL>Jl 0^3 jjJLoj ijLS' J^P t La JL>- ^1 to J>i LujJ OjLs^J Jij La! J 

. <L_j J l ^’“^l ^3 Aj y^\ <Uj^I>JI ^%JaL kjj * y** 3 ^di S 

SI S’ j * ^ 

oJlOj (i*al£uJl) a jig.; Jl ^L~>-V! jtJs>l*Jj L 

£/* is^ ; 0^'-“'-/ j' OrL^ i r^rTJ 0 r! WrH ^"JaA 'A j~*j t <*j 51>JI 0} 
i, ^uj^L»«JJ ajjjIs jj-/2-a jljO-1 ^^3 (3-*-*-' -tS 015 01 ( j->j-^ j (_}3^ LoUjj>j .i — *j jA Jp-LOJl 

y>\ v ^i» \ 4_lj_tfj i— jL>-1 JJl 1»3 t A*. ^ la Si ^3 j ^jUJI I J-A JJLoj AJ>- j j>- v — 

tL-L-1 IJi^J ijjLlo cJl5 JLiJ . «Non fingo hypothesis 

Ualj . 1. L ^ A.M. J LaLp L) jnli £-— jLS' L)| ^-iJJJ L L® la J L.5^1 J ^ ^ ^ ^j-a 

V^! ( j-o La 4Jajl jJ Ojj (J ^\->- ^yA t ^j-a J-*jI jA La t ^jLl^LLjT 

c t Jw2J>cJ pj LJLSUj . OL^-ajJl <UyuJJwAj 

^ ' ^Lp L<V-^3 0^3 t J «/3,>z}\j J . ^Jaol jJl oJLgJ L_a, a .,» 1 1 

. LJlp L*/gp (Jl^j N t aj Jku Jlp ! ji ^»lwX>tiasAiLj t oUU 

. oSll oLJ J& Jti La ^JlP bUjLpi t 0 J-L^b>- La ^JLU^J j! LJl5LaL jl 

Ajj Ijj j^Lp -tLi>tiJ ^L>o Ojl ^jA j jt-JaP Lwiu^aj ^3 t-i j»*Ai La iJjfcj 


. 0 j I _ j I wLptJ I j>“ 1 3 *0JwO ^1 ( \ ) 

iiLjL t j^5L Lo Ujj jjo I^j wLaJ 4 ^- j ^1p A^jol>»Ji j jJ ^-Ul <JJI (T) 


UjLp- j+~j£S s-L^ji]l 1 (3c^d ^balJl 

•J~* & 

^•3 .[Vi ! ^»j-LaJ jl^oNl jl La j~/x>o N 4JJI lj-bu j^ • . ^ 



i_i j—j LkS' j i Ijl $ S ' Lo.~>^- oV kiUj t ^Jj=— I jl5I j_>*j ajA><J ^^xJl ' — iJLpJS ojs ji_pj 

. 4j jjil A^ol?xJl aJL>- kj L L*J 

^J| C t B i A cJj ^>Jl ^ jjj . I J-^-S” l^-.l a .p L»j / U-wj>- o 5 Y * Il>^jj 

jl (_5^ jXidJ 4^uL^jJl aJ. .>/3_>^oJ 1^ .^>-^1 Uj^-I >Aj>o ^yxll^ caJ AJ^^<ji aj!^>-! 
^,./7 .4.II ^^3 IXjIj • j° A_^>-jL>’ S ^_9 dJJ.S j^.5 ^J->*-> j* C 4-*~~4 j 

^Lp L^-J I j C o *X*j o ^<>Jl aX-A^»J| o A>-1 jl Lg^jp ^ ^>cjJi o! 

d->^pLixil {j* j' ^ t ^1>-1 Ujl Jaj^^>ll (J*}lj>- 

4 (_£ j >~ I A*/? IfcjJ ^yLj Jjb (. Jjj jjJl ^ ^>d!l ^ ji J JulL> LoJlIPj . j5" J*S\ ^ Ajjjl]\ 

.L^jSUJ j~&\ -UUw^I ,y> a^>-UI degeneracy pressures aJ^UJNI -U jJw^Jl jMi» 

p. " P . > P 

PjJ>cj jl pLsA^J ^l^sl L5^ ** AjwllP C oL^Ji Uls J^ip f _^>tJl oJjfe (Jll-oi ^yLj C-3 yj\ J 

c ^Jl A^jJLi . L^xixSj ljj>- t j^liJl>tJl bJt5 ^3j tlibjk jl . <Lo j jj yj 

^*J>cl!il ^Jl <■ J->eJl jl Lo»Xo t ^j~w<»-JLil A^ (3 J- 3 */• £ * L5^* A-lx^Jl JjJj ^ jl iw - j>- jJL» 

t ^ A-«k^J^ C 1.^ Ip^j U ^ ^y\p 1 ^ i I 

jokX^P t o*i»A j-*^\ A-Lx^j 4_**a-£j ^L>tJ ^.-PxjJ ^JLJl L>o 

^ *^l j»->wJl jS>xJ2y jl jL^Jj>-l C cJliJl Ju^a-flJl ^3 t Uj JLflJ 
. Ajli ^IJJ i^U-l Ul jl [^SLjj . (J o^ljj IS'jU t supernova ^Japl 


\ ../: w_ « j!?xj . 

<JLS ^ ... .•> »J1 ^ Jjj 4j-P ^ 


®,T* 
. cC 


■o' 1 




U jS\ (jjUlj t jLSU~d j JJLi yoj ^jljLjJsjl yo Lo ( yl3lllJl tlLU Ua ^y>x-ij 

' f. y s > 

4-U^Ji <~s*jJL jlSL^IjjJLi J ^yJi o y^*-ol uJL) .^liJl J-aaJI (_> aJI 

ydl ^y^Ji tlUL^J (1)1 ySU-> La ^-JL>- ^ t^yLoVl ^^JLU 4 j>- ^ y/?.4 . 1 l 

* S x y m* ) * * > * 

j* jj>ti!l cLULa y< >s *~ J (^JJl JUJI ojJ->«JIj oVl oJ-A L^AiS 

Oy*-oi USj ^ UoUdl y^SU-oJ <JL -ki-s^ (^1 o jp /y ^jil^SoNl ^^Lp 

. k.. A H , 


>3 *■ J 

jUJl ol ^S 4U^L*^J Ul*3 Uco to ~jA (Jj'Sj tOj^. < — •> (j^JLL^Jl yilp 

.k_*-v^ (jji Oj-^ ya <oL» U_a dust KjUiJU 1 ^ A j»Lp t <uIw»-SLl.<»J I 

> • "t * - 

U jLLU <JL oL 'UU-U -k y*-s^ ^ yj N yd I *wiil j-oJl ^3 ^Jio IIS' UJ j . yL>-L 

* > t y tf 

LSj_L-^ Lla . ^1 jJl yp jl— *Jl ( yal y-d oLi t^-pL>Jl y^U-^jVl 

. A3j y^oJi ^ y-'Sl ^y2i\ ^3 Jj>-y La yAj t Lo JL>- ylj ^ll*^o iyUJJ 


^ > y ) ^ ) 

<j*->y> ^.ji W Ijp iSj^ Crr^y °>^ ^ J^-lJl y-k->j 

Lo yb j ■ t ^yJuo *X*j>z^U*i ^yijLJl <ukl Ua Id . y*UaJl dyk ya jiSI ylj °^-*^ rU 

t ' p " > » 

t p-Ja-o lo 111! ya J5 (jLylj UjbLS' jJ jJj . ^ j>- Vl ^J[ oJj>-I jJl oL J-?to yJ I J^j>o 
j-»j - 4J ^1 ^ya_>bJl ^y*~i LaJJLP LaL>J ( — >^L>c-dl 0 jS (jLi 

^a yjo'^Lu yj e^^LpxjJl 0 y ySlij . aJ^LjloJI L^^_io^L>r ^kaj oL^L>tij (^ >s ) L y 

. J-?lyj ..c-3 L^jI Jj' t ^ y>r % Sl; ^jA ojj>-l-^Jl. y*xLS3l ^ ^1 j^\ 

. 534II l^ikS <Sy*-' Cj Jj>- La -l^L t 1 1 4^Llo -.^yJl o^-flil. < s > 

<U*I» JllLs t i^L^j Vl oJl^Jj . l-Alys <Sy>«Jl C~)'jpf La^ijibJLy 4-o^L>eJL' <1)^- t ^-SLdL^ j 

4jLJlL o,wo-t~^J L^y .yykJl t -vLkj (^Ul >xy*^.o J -L> 4_ojL>tJl ^ r iIv^_>,_L)La 

. iIjL*Jl 

2 ^ j. » p > 

4 4Xo2-«-a-U Jj>->-y_kl US' j . LyU&a ^ c_3jL>t>0 OJU .JLii3 1 JlScAj 

^2_Uo L^mOSj ( — 3 j-^i ^jlU-So'Sl U^ Ltf . ^ . 1 A^slS Us^JiO ^iillAJ-.'y j»jJxiJl 0^i~.' 

^ja CjIj^jI Lo lil jLkJl 5 y ^ aLa^l,-v a-S^ OjYT JSwJ! j j kjj . ipjLwo a jj . -o 1 ^yaJuijj 

^jL-o axSLJj <. "Vjl IxJa. 1 u_j^j I Jj-*^o jL Lla Ji>-*)\j j . o ^.y? j 

ojL_f- pLJuJI L)l 1 — j-& |j_*j . o^Lj- ajsOL*- ( jil_<y5vj'yi 


. yJi j^Jl IJjs. yJys (.gravitational collapse 


^jiLySoVl® 



Stretched spring 



Mnrm ill ri nn 



No force 



Gravitational force 



Stronger 

Gravitational force 
lb) 

Jplaul) o jij Uplfudl e jjiJJ jJLJl llA i’ 13 1 • ^ 

. (J^voUxU 




o-Jtt ^xs- t ( j~»— iJl <di£J ijjL^o <.o,YY j£jJl aJcS AiLjj 

j . 4 JL 30 Y S (_yS t Alajij ^i\ Lg-LS S jSLSl 01 Uj>i ^ y j . iG-iJ 5 ^SOaJl 

01 .o,YY JJxJJl ^Jl _^LJI t(1 ^l 

c jL5s^*>*i jJuL<i J->- l ^.:.l.;- < r o^jLS U*J ^1 clJul j^ao J l IJla 1 ^ j L^jI^ 


iJlill ilbULJl Ul j .white dwarf star ^>ji ^*^*0 ilb- ^^Ip- l^Jli 

0 l lil . ^jMz* i/'J 5cr~~~^^ <j jiad N dL l 2r >CJ • 0r° ^iSY l^- 9 

O-JjJI ^pL<i a_>Lij ?o,TY ^J.SOJiJl iaJaj>t_« j»— *eo (_ 5 JlJl ^o^Jl j-® 

j w ^ ^ *" ) S 

o J_£> *— ® ^ 4 JL- 3 .} T ^ t jL^*Ji o jS 43 t^ 3 j ^JJi 

. ^olaJl jv- — ai\ aL^'JI 


YU 




^jL_: jt-jJl JiU-SLl : o,XT J£jJI 

t Sfji tja; L* JiU&Nl 01 . Lr -*JJl LbS If-hS 

0 j»^Ji j! 1 0-3 ^Jl jj jja £-J> £jL-0_j 4_L$sJ J 

■ ^ r A ^y~ J J! 


iuiUJl Time dilatation qajJI jla3 

OLajJi j Jj t o Jj»-j »UlaJ| ^yi <o ^~>»j N t t a— oL>tJl y^\j o! 

jisLJl oLpL-JI L^_> jj-Aj ^yiil <jtii>i-<J 1 oNjlsc«JI ^y> j tiUS Jjjj . Lkal 
^yj t ( o } Y V J^LkJI) B j A Jl l 'yJl jla". 1 * l I Jj jl>o JS1 
kJU->«-l t. I JL>- l-i L ^ yO ^yjiL>- JjLi t A ^ 1 — 1 JtM Jjlp • *U<2Ajl Ajdli^a JkL* 

. U jj (j j-$o A^oUJl JJIJ oti c B >— jj-i Lai • ajxJjI o j£> ul ol-^-oJI i^xAiA L)l 

0 1 l jja yjdj . static t j5L* «— j ii j^Jl jl ^$1 _ jLaJI £-» Jl ^ jl [j** j^JcX& 

1 4j J A£-Ljj La JuLl...,,) jl jljJL Lo_£jIj l ej—aJl JjaL jJ>-Nl £-» A>-Ijl 0'^k*&Zj B J A 
J <Jl t <\-vaj-Jl Lj jA>- { jA t £-* i]/ 5 ’ 0 • jr* J ( j->'j!J olj.il LftjLo-b c AXilaJ^o ( J 

Am * > 

i_j j—a B JLstf I Jl jLs t ajcp-L^i >Lj a-jL 5 JS 1 ^yj oljLil iJL~>jLj A .A-^IJI 

i tA_*-s La IJla . ^^SLaJLj ( j^SL*Jlj c 4_»jLj JS ^y_s L^-o- Ll^- i 

. bJliJi ^^a jil ol ji3 ^yi i^ypki i_y®J B -A-^l j-U j-AJ A JUasA 1 4 i« <» cj|jLi^/U 

^ tf 

ol ^13 B JLs^l jJl ( j^ O’ljLi'V I i)\i A J-s^l jJl ^Jl A^jJLi 

. A^jliJl ^-Lp 

A 4xJajw«JJ ol . LsSOj l Lijj jl (w43j-»Jl IAa 

oLpLJI jJ- J *— 3 J-wJj • (^L,<al>a) ^aXa ^-JoP B {jA ioj-5 Jl aSL.^Uj 

(■ f. * * * A * > 

. Uaji 0 j J a, /3 j (j-5 c LS^ 

t liiJi 'yjuj 1 L>aSL!j c ^yla.T jl oLpL»»J| j-> ^ LJli 1 JUJI j-x,- „ -la.i j 


Y^V 



• A 

Region of 

weak gravitational attraction 


Region of 

strong gravitational attraction 


1 second 


1 second 


Time line of B 


1 second 


1 second 


Time line of A 


‘■ijy J**- ^ 1 jUjJI jl : o,YT JSLiJl 

. itaLuJI ol jLi)M J y> Jij US’ j t luUkj t UU-i5 J 


’V 1 ^ jJ! Lg-iV t ‘UjLJaJl J» jJaitJl CjIss ol^Uo ^ 

vlr” (°^' ^ J-V. ‘-»j— JLuJi ^ JJL£a J . ^ LjJJl 

Cr? -jjj Lf’ry^' ^ p-iajJl ^LiuJl 

SiLjJl jls tiLjJaJl cjU-^J! ^ l j-szJiS] oU-jmJI ^ J^^iuJl ^ lj \ jj 

*• * t - * " " ~ 

^Ptj 

*m**+++. i 1 3 

<■ red - shift ^I^JI ia-ljVl ^ j^JL. SybUUl eJus 

.gravitational redshift iuSUJLI £l ^^1 UjL^L l*J| J j^ l^li 

^Jl _ r ku Si . UAjI Ajj\} oysUaJl o J_a JyJl _^1 iU jl 

C> • photons oU/^L di>J oU^Jl ^ 1L^ <d 4 LiJ 

^'jV 1 £* Sh L^J -^V £-* 4—^' Oyy^\ 1»LL» jLs J.^al l 


YU 



^J»P l)I yk ijJLta ^3 • A3 Li? { J-A jJLlj yj y^j l) y jHJl jli t HoHrJJ P-l 

. S^£J1 aJcSQJ (_£jJlSl ^UJi j-olxJl ( y* C3^3^\J aSU? 1)1 j^J^iJl 

j L? + \ H . t jjoL<»-SL» s yi 0 jj-x-j H~J L>cJl>3 iiH5” I 3 Hj jS Ll>jJ jl jZJcS 

4 Jj>- yj . J-Hl J-ll jj>tj a1$" y>- c IJlA ^J-P B ^j^3^-<>ni |*-*-***>*Ji 

^Uaj ^ j L>-^ 4 ^_^^>tJl ^j-P |JL>- ^JL (_£»Ul A ~Ly?l ^Jl 4 HjLHaJl ( ^y? 

Aj ^JL a J^Lp Hj3L>J! 0 ^3 3l3jJ ^_3 4*-w%*^>Jl Lo t^j_J . U-o-P- ^j31j>xJ| 0 ^jH 

*> - p f. ** p > 

B j A jl . HoJfcl/l ^jL^L Hj 3L>JJ *1 A>-! jN I y\ IwLo j 4 A3 

A 1)1 H33 1 0J0-I j a_c>*Ij 1 j-Li>x^J H& i^j 23 Ol . Hly?^ H^S" H«&-X3>j 

a ~ 0- > £ 

^jLo c-^^3 -1 jj_ .A Jj>- 1 jJI ■-^ B (jLd t d)^_^^-«Jl j ^3 


• °jir A 


i , t 

^3 4 ^j^l IJlA HHjj .A wLv^l jAJ AjLdaj B ApH* ^333 4 AjH"H*Jl aJL>*J| ^3 Lo-$*j 

^Lj 3 yb UfJttj c^iUJiJ il^Jl i^lj>l ujjl :^1 ccJj^Jl dUu 

. aALp a>- j^JI 55 ^ ^Js- jJa^> ^Lj 3 ^jb jl . A j^p B oi 4 Doppler effect 

jJLo Ho Aj jUajjl AJLS"La 0 j3 Ly? (jl^ . Hjjfr.y2.il aJL>- ^3 ciU^ 

> 

A^2_JlAiJy3 A^k-H ^1^1 J L^-l53 j t high - pitched y ( A-o aH-L?) H*w*_> 

L _y^l AjH l j.«A 1I ^ly^ HU3 Hill? lilj .^HjyNlj 1-tHj A1?HJ| Hj y*J HjH- 
Aj>-I^| LyH 1 HjijJ aJ^Jp O^Lj^^ wL^JLw^-Jl ^jvXy-L^Jl 33 y 

. d 

OHHHj yj j-^> 4 jJujjJ p-l j-o^>bJ 1 A^»!jNlj c A-o3L>tJJ p-l j^_>Jl a-^-1j^/I OLi iHJj 
y_i ^ j J>tJ ® Cj* ^°3 L2J I c^ljHl^/l ^Jl a^%jJL 4 ^ o-t>-l jJl 

p £ »■ > 

A ^o oljLi^l 33 jj JJjIj ^JLj 3 ^ol: 1)1^ . B Jyp I jJl aJL>- ( 1 )j^j 

Ajo jl A \ . ,1a, > jJlj A A^-Hu jLd . U&33 jj o31jj 1^1 ^-^*^H>sJl j^j Lj Uj^j 

IjlSIaj . ^Lj 3 ^JlJ j^o H^jt>l ^S1 jl Jil ^jIUxJI j j5 p HH^p! B Jw?I 

c *>LJi3 J ^ a 1 13 . aJi1sj>^jo B j A ^Jl A^wvjJ L j^ j^ 3 

? 

• B J A j-f J5" ^ ^ <. j-lji 

infinite a^Hl«*>\JI AiHSUl aJH- j->^j 4 B ysJy H>^3 j 

^j><HH>JLj 4^wvww?xJl ^j^Ly^jl 1)1 0 ^-A^l H>c-jcJl j .density 



Loj>o OL I . aOij-jJI ^j^ul ^ aJI <^s? OLOl j-a US ' j t LLj L^jL S up-LaII ^-jl> c B j 

<oU>j 4 \ak.*J? ^\ 0 ^jUlj) B 4 pU ^1p U-*Aa 4 La ^1a3 i U^a Uj I <L50 

|juA j . Y *\ Jl*j 4 I J -As /? £-Lo J^23 t-A-sU ^5l ^yL*SU I — 3 (iiltSLlI 4 _UL>iO 

5JL>J| .JjUill OL 4 (Jl>*- 01 ^Jpj ■ O-jLOI a ! 1 0Lg-> ^3 oL>- ji? ^Dl Jlj-Jl ^Lp 

^j3 o^Uil UO ^1 . B JL^I jU oUU oLLjJl oJujU £|CjLj 4-oJ j 4 La 4Uj ^jJI 


^jiSI j ^iSI j-wvaJ OLSOo^Jl OL 4 OliS ^iSI ^Uk^UOl ^+-*^ > 01 

ULL ^3 j . ‘Oj^Lul-oYAJ i o L5LJ1 0L>- ^Jl ^j-^aj ^u>- 4 (O.-L0-9 IN ^a-> L^-jI ^0 Ol j-p 
U>La>- o^LUp ^.-o. U-u> 4_tf,-./3 jJl I La (_j^f 0 *N 4 U~&j>- t ^»~u.^Ji 4 — ao j-li jL^ij aL>-^UI 
OIL- oJla j . OajOLli O jJL La JuJwU>U> ^SU^ V oLUp ^_a j 4 OL^jNLII j ^a-pl !1 J~oU> 
j~*\\ jUJbVl yp p^-bJl j^Sdl j^sj>~ jl iyu 1ji>- 4jLiJ singularity «<L;byJ!» JJ 
<.’yya^_ O jX!l 0! Axii~»L i ^LJI J-^i\ J ol y— U j_* j t big bang universe 
4 <l-_aLoN Sj j ./? ■> aaoS* aJL>- /♦>» LlU >1 4 explodes ^jLOl! ^^1 4 j-^^Jl jLtAjNI OIL*- 
. U&lo 3J> 0LiS llU L^Ua implodes J^ljd) La L^i\ ^0 Lo 


^j-3 LJa_dU*> B -Lo’l jJl o| J— A ?o ^JL aJI OwLa J^>Li>“ 4 A J—v^l ^Jl (Sj-i LLo J 

tB oj^LaJI oljLi.Nl 01 -^yNl lilj ja < — >\j>*j\j ?0J!^^a!1 

Loliil ^jA ^ L - I aj j^I 0 j-SO jO oIjOj ^2-k-J1 L^-sa>o <J j */* a a 4 LIjLI ^3 4 A ^J| 

wLyal ^Jl j^b-uj l o 4(^,Y i JOoJl jJajI) (Jj-Li j J ^1 ol ^uJl oJjb ^uv 2 jj . 0 Jj>- 1 jJl 

k 2 j-^-J L>- B c-J^uL) La •Up- 4j>- ^j>- 0L>- jA t J^lj JS"! Ji>-ljJl jj>o B 

■Z '" ' * 

Oli t j^-L>Jl IJLa ^yl B J-yu U>jc^ j . Schwarzschild barrier uLU-jjl jJ. y-U^ 
lOij A jlixjl U-$>>j tA jJl (J j}\ J y>JU~J yi <LP SjilvaJl oijLiVl 


4A-U- jl 1 — US” jlSLjJJ. Da>B-0l 1 JLa i 0 jY £ J^wJl 

» A lA-^al jJl 1 _aJ«ALULj L^.S'j t U>*jj-Li ^ la - j B j_Ji 
p- ll J^ljLiil j| . A. ^3 AaJcU’j-OI 4j£-U*J1 ila AjjLajOLj 

, > “ J 

. OtjjjJ J jk; ol ^ A jjil^ B oj^OaJl 

Y Y * 


Time 


on 

X3 

&a 

r> 

o> 



oLa ^Juc<dl t Ol t jJuL>-jji y. >-L>- j-y*-i L)l -L*-> 4 A _J j+y yo O^Ssj 

J^i B uli 4 j^L>JJ d jj---p J-Lp aJI ^v^Ip A-^LJl aJ-L • B ^^lJI 

** '' i * ' ** 

. A^wvL-u ft jj yO-i J~~i ^i 4 |jul 0 ISLajJl <L*J»dA ^3 

•* ** <• ** 

J if, f i 

<jl ^ 1 la G _L?-lj aGtjLi oJul>-jjl ^>“U>- O' O-GloJl ^j-a OJ J-t 0/j 
^blol G"lp j^-~~-t B J_G jJl jiOj t g£j jAJI JJ>-ljJl a j^l- /J .,Il ol jLOO/I ^JOj 

. ajL^jJI jVjX^- j t ajj^p Jl*j ^o>- t A. jo>I jJI ( j^i oljLiOM 


Black holes p)j ^ xoll o jail I 

Jlljl>-jjl J-0 Jj-U*- jb3 I d^a I ^1) jJbG-jjl J_i jiiS 1 d-yd-i Jyi-P - (1)1 loGl»J 

duU j_a G 01 d-^ t 2 GM/c 2 Ga^Jl U>Udl ^ cM r -*J\ UdJ c(^j^Jl 

^ ; ' > 

X 4 ^j| *L-wjjL> 4 .XL>L>-jjl ^Ll3 c_AygJ . *■ j-v2-ii 4P C 4 4^oL>%Ji 


> * (■ 
JyJl^p- £_Lj lS-^I jJaS c-d^ a .i G? J- 3 l-G> j 




Orf S WI J . AO*. .^— 1 I I g | VI. LJ ^ ** , ’*^* > - i ^-5 ^-**-^—^**-5 I 0 1^ • _y^ a * Lrt-S” v * • * * * 

. CjI ^0 jJlS* T* I Ji»0 C^~ L^i ^L>Jl 

(jV t Lo jJL) 4_J) J*Q J ~LL>L>“JjI jJ g -3 < — g -ygj ^>3 L^>cJ^ J-Aj ^1 

oijb ci^xij . A 3 Q 3 j-Aj to il A^ljl 4 J l^-XP j^Ls^Jl ^-j «,^? '1 

OiLddjj 11 N t-iLi^jOLil ^ j t ( ' ^lack holes a-li^Jl < * _^2iJL. 

oLS^ j-l-3 4 JlddoJl */ ^Lpj . La ^jL> yA L^JLp $Dl 

> ^ f ^ fr 

tl -frd3o oliGO/l S_^. ^jJi <Gj-—l L-io > 0 ^ ^-%w<>wdJJ 
! jwL^ Oj^ ^ jlXo ^3 jVl OU (J^Laj . jVl <yX>- 

* p * > > , 

^yi oli jj-a Ijl>-I_j o_j-$0i j -*~ !l * j j-iiJl c_jLjGU I 

ajj^jl# oO (Jj-Si o-jG^oJI 4-t. a>JJ Gd-»^^ t Gijl . oLlidJl j*_Lp 

ou tddjj jiGj Jbj-Jl dijGJl cGG UJj .Seeing is believing ((^GopVI g 1 

I j-A iJdiboJ 3 J-*-* ^ J . 0 J^SX^A J^S* yijjlzj VI A-J-P cj V JJL^>0 V I ^-^Lo-0 V La^^J>-j 

. -dxj ^oJl 


jia3 k_i-sdajJ Ljl — a 0 » — i- u sj, ^j+gj LaJGP c Ja.. ./3 ) Lj 3 j^t\ LjL tAw^L j ( G 0 t ^^>tJl ^-^-.,/3 .j (^) 

y ajU i LJliUl (A ^yJl) ^1 wJL» 1 6 >AjpI 'u>w^j 1 UkliUj t ^53 j . J-LL>- 

. Lb! iJl>Jl oXa ^J-ua j ^-»- o> - j^l Ajj j ^5Lw 



jl ^l^-^l (j-f (jjl • j-* *-bj— Jl JL~j c_J^ 3 ~“ (b*l jj-^d -bj 

. j j-jJ <Lot>tJl (j jii\ llA A?-Ijj ^bj— »*l LJL 

lj o I 1 I o^-b-^-* ^*S"I tjoJ ol _^-®l 

JJL>oJ ^jj>- IU jjw^ jl5 ^w<>JlJI ^ i>jjJl o*>lpliJl ol ?o j\y i!U>- ^ aJ-p 

3 b^j Aj^j ^^Jl oo^tpttJl oOa oU t ^*S”I^ ^*S*I t**xxp twJxl^ . a^jIuJI I 410 U- 

c I jjj . aJLiS^JI £j ^^ w^oljjJL A^ol>iJl £_Aj jJ L<Oo t aJL^JI ' — w*>L 0 Lj 

t~**j ^ s A--P l AJ2.1 I ^jS S-^_J ^ Aj li C ^^w^-*^<Jl A_L^S* ^O-Aj 0 jA 0^-**-b> A-b-^S" ^*-to .« * ■ 

JjLa ^jJL<»-S\-L> O ^-Jl3 IJlSIa j . 4.0 UJl 0 j_S AjjI^^J Aj jj j-s^-!l -b j-*-s<aJl 3 j^j <1)1 AjJ^-Jl 

. > ■» ^ 

t L<0>o N I <La_Lo_P *Lol ^3 C 4_x^JaJl J0-JO jtJ L 4 Oj-~*>l L-JL U t ^—w^tJl ibjA 

t to j->t-> ^tp oi t ^^ j>_ <■ o j^-*-oi t^li>jj t 1 j-A Oj^ aJj-L>xJJ 

• JsH 'j^ 

V 4 J 1 XSJI „ li S- ^yOb>tJl ^Lobojll jjj-X>- jj.5 iJjgtj JJ b (J^ 

ijlfljN L yi5o <bji Ja jJwi ob t((5JjJu>-» U oJS i^Jj^jJl 4j^]aJl i j j .^ a: ,i jl b^Sj>_> 

^S jj Lol bl t V_i-Ll>c>l j^--j’ J-^l b)Li t ij Jte-1 Lol . I 

, tf «* ^ t. ■* ' ■» 

t iiUaJl ojjn jl . isUaJl {j* L«jb jl Jb N L^iaJ<-j> jlj t oJL §S 0 ji ^>l-.;i»il 

jjl> ^S- jjj ^ JtpLvj l ioU>- Lfjb t aJj^UI ^^jjl Aj jjaj ^yj jy?b^ 

t L. 1 awj ^j>t y^j jA>-jj jbjbJl Ljj j-^-bl .^iUSJNl 

Aitlaj oJUJL>- (_£ j3 Jl^*“^t L*j C ^»Lp Aj>-^j AjI l ^jjjJL*Jl Oj-aJI ^ 

a^wo yb singularity AJb^llI y^\ ob t negative energy aJL- 

. Oj>- ^0 J^jl jA b J^Jl j^tJ 1 ^lil AjjL^aJI CjUs jjla^Sl J^S I A^jJt 

A^jb^iJl t oLl>- (_$ aJl JljLoJl ^3 tB (^jit^-^ol) jb.g .>1 ots 

4 _ > ' * 

. 0 ^ jtS’ oS o^^j Ut^ t aJ^3 J j>>Jl 

p'Lj^-^jjJl p-LoJlp ol ^ajjLj-^aJI tj la \ ll c L^-^3 l^j-p oLobj-jLlI ol 

JU5 ^O-p ^^JwP ol jOy« L^j ^_ a j tl j-~> 0 j^s-aJI oO_a 0j_LliO ^ oL-^L^Jl j 

^3 1^-3 U ^-P j-a ootjb j-iJ I (1)L J^-Aj ^ 50*11 (_$l bl to^s^j IJlSIaj . Aj 

- ^ ^ ** r 

Jl3 ^^*“1 blj iiU_A ^ -/3 3 1 ^ O-^Lt j-laj kj « jl IjwwLpj t 4^al_*Jl A ^ jw'jJl Aj j^au 

oLJb j_a Jl j I ( _yi yjaJ^tlZj j-bj (■ ( J-a 3I oL j)a J Zj->-j ej j-^Jg ^yJ ^_~~Jl j jbb 


YTY 



O • f-Lj-iJl $ ji\j JO-bU 1 i-yjsy* jj-J LaSj^-j jl J t |»_p^ J ^yJl Uijij 

. c—jIiSC]! ajL^j ^3 13a aJLsIxo 

p > 

1 uii ^Lp Cygnus X-l £>-L>-JLil ^ ^^*0 J»* 

^ ** 

p p ^ > . 

^ 3*-3i j^L/ 2^ c.5^ ao^L^-jjI a_*3j 3 O j3L> Jl5 

jJjj j . i j-»l k_JiJ ^^JLp la£l _^a»l t jl=»- J_«i>«-<Jt j.* oV t X-ray binaries Jl 
j -s > » ll k_j j*-jj t £-* liil ^JLa I0 _a <^_0I ^J-p '— s j-»Jl 

Ul j . Supergiant star HDE 226868 <U! jLlJl L^j. ^ _^Jl 

2JJi . ^5 j^>Jl o jj 55" o2jj>-j J^Ip I jjSlij t *^tjj ilr^^ ‘*^d^ 

0 ji , k? OJ-L>aj O' o^>~i ^ 1 iSj-^r! u? Is* iyi J^' <£ S 

***>*• - 

{j* t X4j JaXa tl)ljj^ o <1)J • Aj-X>cj ^yAj [y y* aJ yij* ^J^~J 

. ^ 1 Q J*\ ^A L Aj J^2^\ L^jLlviJ Ia._X>Jl>cj 

o Aj ^JLo ^5^*^ 4 i— d.*.* ■>.<? ^^-olj jJLv2^3 1 ^ *W ^ j»Lp ^3 t p_> JJiJj 

J^3.} oi^jLXJi <^Ji>\j2j -3 j ijLyi j t j c j ~Xj j J^3 cA_>-L>-jJl aS ^ 

J^Jl Lo j_Aj t A_*-*iU A_JXw-J| A-^-Jj'Ji (Jj-33 ^3 ol A_J J-) ji\ V 1 

c AjtJL>cJl . j+J> 'V J^-lj ^ ^.v.^- i*c»il j <+*.»+ vJ I ALA tl)^J 

A» ^JaJwW A^Jw^Ji A-*-J^Vl j J-y ^ -A J^2S>- -XpL-x Jj5 C-3 I j-A cjli 

Lg_Laj) A^j^oJl jV dUi .Aj^-^a-Jl 

«,/g ! I 0^3 t L^j Oj^U ^A J^xlt ij^ol jJl ^Jja ^p3s-^Jl 

J-Soj li j A^X*^Jl A-^-Jj'yi ^3 y* Cj^i ^ Lo C la ^ ■.,/■?) L (j3l j-Jl ^ Si 

1^«X +./3A 1<3 - . /^ 1 1 i X^tj ) aJ I A^ ^>J 1 4aa>> 1 ( l o 1j^^«»>Jj ) jl . 4Si 

t ^ ^V \ j»l e- ^ l i>-U>-JlJl <S jS jJ-v2jo JuJl>o JLib i <U_Ju OIj-j JI>-_jj 

JujJ "V t XJHURU X-ray j*— »0 > sj j->»-<»Jl ^c^LwaJl ^o_aJl 

Jl^^I (_^*j O jJl oLjjjj ^IJOxje^L L«! , jjpli.5 

jJuj Ojlj 1 j->iS0 ^1 4J-b jU^A-cJI 0L$0> -bJL>tj ^jOC^-oJl ^j-a 00 t J-^O 

'>— a* x ^ a y 

# «a 

. oJu^lj «U<k» ^3 A-*j aJ!j 

t ^5 j-<Ji j~s* ax>^3j t HDE 226868 j*_>cxJI 3J->o oi jL/3 jlHJU Ij3v1aj 

* t, > * 

JLflJ^ . Aj^U-JlJl A^S jS A-sX^vJl Ax-Jj^l JlJ yi ^xll yd\ p^>xjJl Aa ^JaJXa L<>-AjLjiU>L> 



* * *■ ^ ^ t /•ip 

. A*ll |Jla (, 433 ^Sl <- ^jjllJLljl J-v^ j^o ^3 AJ^wJl i*_ajj j I ^flJrlS' C C j£1 

(B - Type star) y* i>- j^>Jl y>^\ i* j - ^ y y j-<Jl y yJi jl 

<U_Jip O^o tp^Ji ^-iLUl I. ^Uaj y tB £yJ! y t ij-ft ya ^?xlSij .B 
y> tHDE 226868 aJL zS y JJijj .(^jllJl y,,a a 11 ya-jl) 4jUva.*j 

o jji3 d)l . ^ oX~& yi-S" J^->- c^L** 

ol>oNl ( y ^yJi ip I./? ^ 1 o,"! <1)1 jj3 

j_^p j-ill a JliS* jjJLi> y° *1)^3 c y> yj o j-jU* j . j^pL*_jlJI 

bji j_a yip® u ji y <^^--vJij . yip ^iis* ^_si*-v£ji i^<>j>o y^ji 

a_1jlSsJ U^jJlL d)lj t 4_>-j3^*Jl ^_>sjJi Xa j-b * *> 1 ^3 j-vaJL ^*JL> ^ 

^Ip ^L^lILoJ! A-llS* (1)1 Lu^^J ^3 lj»^Aj . ^oVi JL^JI jj_A i *^ Cji 

. o|j_*lJ (jl Ail53i (25^ ^jJl ^ 0^ >Kj ^ J 1 A3 JlJ| <L>- j 

p p >. & 4 

ya j~^-> jJb ( j^wo-JL!I aJclS* i^oJ>- /^a (J^io (^UJl Jj>eJl J 

<» «* ** 

I -La Oj-Svj ol bLaj . ^jI yJI ^J va .i i il ^ obbLsLj (_^ JJl Jyjj jj aJli? Jb»- 

jlj A^Jj'yi d)l L^aj! ^ jJj*^J| (1)1 y yj L«j»«j j*J lil ( ^L^i£oJl ^ 

^Jl»j ^JJ!j t oLJLiJl (j*J ^-o->- y ^ y~t l — ■ JLaXj <L>-jij^Jl ^ 

0 > ' ' 

iiL^ L« j i p j)-2? ^1 ip j+a a> j*/*-) c isLww^jJ ^^L-ia ^J ! t ioLtj! ? % ^ 

^) l ^ ^ Lj^3 A_> I ! A_>^.1c 3 ,i ^* l«o 1^ . j*a ^^LxsS* T * * ^jA 

JJ»b ^jL^-JJl ^jlxJI ji ]Jj4 IJ^aj - pj-viJl yl 

^ ( . -^ j Ow la.*' < AjjL^S <uJl^C- ^1 (1)U UJj . f-j-^aJ! ip ^y> Jil ip (. jJLAaJl 

AjllaJ-a j-*P J-X-aJ (1)1 N i-oLiJl ( — iJ 1 ^j>s J^>-1^ 1 cI-jLJIjLj <i-i^jL>- 

. LoJts- ^a jlS V * • ^Vylp Xiy 
* 

" P P 

(l)Li (_j y iwj ^-vJj c j j la ■ i j ^»j^»cjJl Lijj ( — Q-*S i ^jl jJI Jt^ajsJl ( j^ t L;^5Ju Lo blj 
Jpo tJj^a oiLaJl oJlA (1)1j l Jyj jt-^t)Jl jj-a oiLaJl L_^>a— o (_3 ^j ^oJl ^p 
o.Xa (1)1 . ( 0 } Y 0 jJa_il) c^SjJl Qj. l a. 1 aj jJ^-> 0 1 -)-*-> 1 1 g ’■ a J j V 1 ^lyJl 

lnjS\ jJj^'j . accretion disc p-kbdl yu ^i'^j L^ y LJ jJ diii yJl SiLJl 

(1)j51j 01 Jj N j»-t>Ux3l y? ji (1)U t ly obi y- Ji Lyj • y? yJl 1 jj*> ya <uyJl 


yj^Jl yL.Lix. i l o jjfc jJ y ( 1)1 aJ LIS' yl i jv^»ij>«JI y ji* jis V * * jJiij j l \ j.* -s’ 

+ * > ^ 

^jA L v?J l ^jS i^J 4-Jww^Jl i^i ^ l OwCij i*_i) ^-^Jl (1)1 . 4-sXa-^Jl iloiVl 0-L<i ^3 



. I JL>- J^^j jl i_* «->6j kL^P-LJl j>A* /g - o . i l jl 

t l jAj l jj£ji 4j>-u>-jJi jS j^aIi ij-A ii^y^ ji 

U UiLuJ l ^ jj>jJI j pJi*J j . X-ray binaries ix-ibU ii^Ul 

<La jiai^J j.o3-*-ll jl oLLo LlJ Li 4 <Lo-jli)l jboo Jl ij&aj 

dlljjJl ^%Jlp jl3 4 1 1 -La j-o-^4? _^-l^ • black hole 4 - 03 * ^A Lol o-La ^j^^-oJl 

l^j^Vl ^Jd] J jVl ^ J-^l JjPJu jl j£Uo X-ray astronomy {$yj \ Jl 

Supermassive black holes iSJli i]* y* ja > I 

i) jlS* jJ 4 Joj.} jlo J-S* j*-Lj3o j jl t 4 JL 1 JI ol j-d-rfLU 4 L»LoO ^j-Sb-oo jLS" 

! Lo j5” 1 jjJ -^jLlaj 4 JpLljl (_£ ^wJl 4-wwyJ^ 4 J^j jA 

J^oiJl IJla yt’ jj^—oJl jj* 1 L-JL> jl yA l y~~d\j ^y^ys- 1_j 4 a_5"IjLo-J ^jJol^ 

. ft 

ft?l-Loo 4 _-aJu J jXil yd jA b jS^bLo cLbl Ja i — JL ® O.dlAj 

• ^ j > 

4 Jo>rJL^<Jl OJ0 u1m»I b» lij Jlil J-J ^ jJj jJ*-l p-^lj 4 4il£Jl Jpli ^^-'l 4_Jij tJjj^-lD 

. fl ? 1— > 1 j^aJl ^a j^^» jl A> V i j*s* jlS” U-^>j 4 t^LaJ L« jli 

iilkJl 4 J 1 d .^—0-1 jL^>- JwoJL>«-^Jl ^ A .g- t l l ^j->«_Jl j^-bj>“LJl J->-j j-dJ 



. J^Uzll j • 4>-l>-jJl <SjS Uo ? j Iia Jl>o . o,Y 0 



ipLv>» JULLs . ojUJ J 3 I y>-\ ( ^>- jijJ ( j-*L^ajI ^1p t 4-uj^Jl 

JuLi j . jS oL J L xS l -L*-j t^ili-dJl j*Jip ^ jil!i 

c^I^jlaLJLwo ^Jj>- j*-> 1 ^^-^*>1 LJL> l) 1 i j-> ^L*-w >- c f-lj^jjJl ^Lo^Lp ^£j>-\ 

v^^Aj f ' ^oJl (jl3 i 4 j>-Ij>-«\J| j5> ^j3 v^*,A,lt)l • P*bJL*Jt 

* f. * x ^ 

.p^J j jJj _^S 1 oSU LjU- c supermassive iJb£jl jlla S_^l 

j^ ^j Li ( _^3. 1-t^- 0 ^»JL$J1 1 a_& LjL^J I aj-A 4 ■ >/s i I cJl5 jljLLs c^Jl! U ^S”3 l o ^ ^ 

. oJL^S" 0 AAjjiajj 1 3jJj»t4 c-Lyi!) 1 oJL^S" a j^S 43 Uj oJj A-jLS^ 

JJLL' cJlS tsu 

J » > * 

j»JLp ^>1 t 4 -jLi)I 4-^aJL*Jl <-j j > Jl 4 jL^-> x>u jAJJl Jj>J cJjl frl>- 

radio .dlUl ^_Lp 4 jja^>Jl ^ 3 lxJl ^a 4 j^Jl ^y *_ . J l j ^jajiJl dJULdl 

. astronomy 


<Lij i^SLJI jj jl jj| .jLu^lo 

4_J jJ oLjtjI ^jJ> ioliLlI ^jj3| jJI ol> ya l \ *\ t 1 ^»lp 4 ( j-^~JL J . J . iJLijJ'l 

4 \ <U 1 ( A_j_j_.it jJI oL-Lill oLu; t [ r SJ j»J j .Cygnus constellation Jj-U-jlH 

^3 4 i»l. « |»LaIj_P . djt_>-j_tt-ll oJLA ^_3 j_« JUJLsxiJ Lo_i 4_iL_S3 

4 jJ./?Jl I j_A ^j jjo 43-Jl ^ ijt 4 \ ^ ^ |»lp 4 ^-Jj 

jlSJJl ^^3 t- j <, g U jJ_/a» j 

i * "* ' " J 

. A-Cygnus A A>-L>-aJl 4 _S”^j5" ^_.L. ^^. 3 ! ^11 c 4ji3 

j_-La ^j-P tjL.jJj.jj o_j__J_jj J_^»- ^ 

l-i-gj OJ^-S^ 0 , T **\ IjLj j-JJ • 0^A_>-j-i t A - 4 j>-L>- jJl 4-^ ^9 Jja ^3 L jaL^JLA^U 

^3 c^Ij Jla^pI JlaJ .radio galaxy ij^j^l^JI S o'yi j 

i1)Lj J-AJLpIj C ^1^ /3 > aJL>“ ^3 j_pt_>3 Oj ^ lg| J^S oj J ./ 2 JI (jL t JU>Ji ^_9l J 

J_^J 4_J 1 (^wiJl 43 LI 2 JI ^ya ^jjJl tlU^ JlJ^J c-9 j*** ^LvajJl ^Jl->- ^3 CaI 

. A 3 U 2 JL <Sji^ ^ j^yXoJl 

j-Aj t ^Ss_^jL^i>3 °^j- = T’\ LjL*j }5j ul~ J l)I oLjj^U ^.L<kJl ^j-^j 


iUU 


^jA t ^.l a P- 4iliaJl -?^i! I_y* 1 1 !^* 3 J 4 ^Ua-*caJi j! ( \ ) 



■ 6 J * s < a -j ® J ^ , Y ^ 

^*-*Jl (_£^J.iljJl j^Ls^a-<kJl LfcJlp 4—9 j^cJl 
. Cygnus A ^U-aJl IS £ L 


dy~ \j-& i;L^ jU^Jt b^rr oiij . Oj^kj x* 4 >\y> j> i ij»y i£^> 

^LsAllI 4_> jJa-J (J j->- ^SI^jLSCLo ^JjL> L* JJ^P c 4_>-lr>-jJl 4^5 " jS 

* t 9 

UijI J l£*^ O^j ■ a>-L>-jJI 4^ jJl c jyiy*^ j cS^ ^sJu 

( j^» 4-LJ^L) 4_lSw/l 4 JL> j-^2_j ^J>P j-J cs J ^"d 

i^>ji jj./?^.ll jL*Jl Jp j aLu <jl oUjl>J! Jpulj !«~>l j-^Jl 

(J j «^>Jl jt-J JjjJ J . <Lol yg«.o.n Ol 0jJX3 J~* ^ 

Lk.^3 ^J>Sj . oLajJI Jb J lw«Ij pl5i l aLJj jg I J-*j JJjJi i -Lfc ^Ip 

** *■ ** * 4 

! o L a^J I oUipl (_5 JlH cjI jJlII j-6-^ -ii <u^4j jISoi d)l jj-f w ^* j 

Juki jjJl 0^ l^yP~JjlPLa (1)L^ l^JJi ^jS Jj>j! (1)1 i-JUl ki- , lj->-'i/l CaJ^J 

jjj«j V i>-L>-jJl jS 1)1 d)SM dr^j • 1 wXJa_*^»*y l Xjj]oj ^ a£ cjJS 1 bJUJl 

> » * 
4jLjL>«Jlj jfik aS jS ^3 v^Jl>o Loj . j>ua ^Ijdxs^l ^ Lg->l*-->l 

oJlA c- sLJLlSl J-i j c Llj jJ>t» ^jL>- 4_J Jj^l jJl J^U^II ^tS"^ oJ-N-^a 

S> jAj>- ^\ jJL> ^ l_>cJ I oJlA Jlo ^3 4j..^/3.i.x»..ll JL*I l)1 . ^ ^\ ^ ^ ^»Lp J»l» 4 j1^a>sJI 


TYV 


u L j «/3* " J* jL>*-AjI ,U 

" •• "> * * ' 
s ** ' 

oU>^wwj>tJi oJla jJ ,o ? YV JlSLiJI ^^3 ^ laj Uij t a-^~S”L*ju oLaL>cJL LjLj^S* aj y>nj^A 
JJL>J! 3 jp>- j-{ L <i-LJ.i 0 _*_j t ^ . J . 7 jv-j jwLv 2 -*Jl <LL^-*->» iiL— * jry*~-* 

^j>3 4 _*j ^ wJl OoLk~~j>Jl c_2 jjs (_£3 Jj <uLo^Jl la . AaIaL^JI LlJJj ^3 

^aIjL^JI Ajj3 j J-y A oJl ^1 jJi jJ^g L c J l 

SSUaJl aJl ^ 2 jla 

ol ^->s_xJl A_»j-la-> J ^->- .il jiC-jJl ^ ^_>tJ d)l 01*0 1 ^iJt j^/ 1 o— >LS” 

^ Li JJLLs l AJL>c_j A_> ^Jaj C Aj>-L>- jj 1 A_^S"^fT ^JjLo L 4-i0"d^ j$\.~/3 .o-L) <Lol >/?,l^..l! 
aSUaJI jjJJcS Sjllxwo 4_Jl3 ILo l ^j-jjOLaJl o j-^Ji ^y° ifl^ljl ^3 i ^LJ j^J 

^c-> j^> vJOLfL~**^>- d-> Ju>-1 JjiJ j . Aj>-L>-.AJ| 4^S j 3 (Sj~i^-) ^3 AjJJL>e-oJi 

C jLlP^i ^laJLi t 4j>-l>-hXJl (^^5" ^5* A-oLaII Aj^-OI jJi ^Lp l ^ QcJ I 

** > > ■£ 

^yo lolS oLJ oL J jJiJ a-^^ ^_>w\_a!j ^li jjb t L^aJ^ j LgJ w\_Jj ^y*j 

> , ' *■ > 
tjr ^L^Jl ^|ap*tJ1 JJj t Lot} ^5 aJ aS” j^>«Ji a^j oU-««>- 

. ^jj$\ jJi jJ_vA<J| ^3 

UJL^-I jj <^J>- jIj 43 LU o j3 jJLoJl oLLlj^JI ^Jja L j J_Aj 0 1 £c_j j-o Ol^CaL) oLS"j 

L^-pL*-jM -^_3 L>cJ t JJL>Jl t oL^-»^>tJl ^3 o jj j +Js ]Li 

^3j 1^5* J L ^JL>eJl ^-oLa ^3 A^JSlli oliUaJlj . 

A-s>-^^<>jJl iSUaJi C ^JlSoj t j^jLpxIj Aj>-ll>t^J| A3 UaJl (1)| • A^SCLaII ^UJU J t J^o 

* * * 
^jLwmJ t iw7j V 1 ^j^jULJL J>^S ^ j^xjJJ Aj^LlpI AjJ^>c-<Jl 

jL>oljl ^y* a j y > tJLoJl aJUaJI j JJ o^>3 0 j-J»j 0 ^-Ju 0 0 j-Jj A-iNi o jJiS> (j^° 

()) «<<<> f J 

megaton H - bomb !!-b-l j LWU^ l^Jyi ( *iJ jjJuU iLi 

4j J- a] ^A^llaJl l>sjaj ^o^LviX-<»Jl c-jI ^>t-oJI j ^S" 

j' ■ ^■s'j oL> A lSUp ^1 (jLfl^LsAilj iu3L>Jl aSUp ^JlP j»3L/aJ! 

^Jl Aj t I jJav 2 V i A^A^P ^3 i ^ k 3 J-^ ^o^LpiJl aJLL> 

O' cj^Jp! aJl^aaoJI ciaLL-^JI LgjLSCoJ ^3 ^- ,^ » c aJLp oLp^*< 


cT* 


. 0 — _ l*~* ( \ ) 

■ 2 ■ 0^ (JaL^j ajjI^ij! 5ji jj* '. 


T T A 



Radio lobe 


y 


Central source 



^ jyJLi j c 4 _*j oLo~~~^>- k_3 JJLj ^^JLi A-L« *L>^-S ^«Jl A-4-la-l^Ji o| 
• lSj-* j-Xvza»J 1 j-^-5Loi ol^i> ^j.- • /^ . ^ 4 j^jj1 j ob»- ^ 


t! 


OjlaVl t I-LSs-Aj 1 C? jJLla^Jl ^sLkaJi ^xSSJ ( 1)1 oJL & 

^iLa Aj^j^Ij jJ>L/ 2-4 4>oi.}^/ ^iJi 0 ^-iiLi Lgjli t C->1 ^J>e_oJi ^ 1 C 4_*_3 jJLoJI 

. 4j>-b>-JLll <k£ £ 

o j j-ygJ I c ^L*Jl o ^JLlI c^Li-JL>> ^Jjl^l c lLU^ -L*-> jl^LJl^JI d-j I juLi j 

/• ** 

ilr° J 1 j-*Jl o j^>mJ| y° iSy .^ jJl djt*-j^/ i C->L> ^ J . ® ? Y V jjddlil ^,L,~ ^xJi 

Ailla.Jl AldLa ^jj j_& Lo . L^-lx A-j j ./3 Si ye k—S^/S/l oldo J_*_> JyLf- y? j-vaJ 

Y <• k^jiiL-waJl ola Jia (J ^ 1 ^ y 1 ^sUaJ L> oL»~~->(Jl ddi 1)1 jjddw 

l A4»-J.iy-»Jl l^Xdi oL^-sdl (_j3 -ii-lj ijl Ju V Aj^-Ol jJl AjbJl>- Aj^ilJ Aji (jj 

jl JJ J . jjLs<i<JI £-lj<dil Adj^! Jjjj __ r N<aJl ^--Sjl JiUaJl Ojys^fij i (jjjd j-<dS Lfcjb>*_Ajlj 
L y>- jjajJl O-ilu ^j-T y\ ^ i dlSJL) <c5j>-(Jl 0 *li U j^-N i ^ ^idj 

. ddi ^ ^1 

t radioastronomy ijyy\ jJl dlliJl |*_L*J ^ ij\ll ^»L.Sf I id° t^-*^' >!l 3 U? di! 

i -t — 4- 3 j ^~ t ^ a-Laj 0 j ».- /? . > ^J i d)l t A^-U-oJ! a_^S !■<*- > Li j-&j 

' " *> -- 
" * * > * 

0 j-fti J . Lj-nAJ L^-J-P (J*yj>- t Ajjj^I jJl J^U^JI 

L>j jJl j^Ls£2 -<J| 1 — >yi}\ {jA jjlIiLa C Ajj Jl t ^1 j-iJl oJ-pL-vwOJ 

j ^ jJl 0 l-j (J 

. 4^ IS" ji Jjj t lij j-*-° U^-sK £.3 j>» tjl t 4»Xo-*Jl 0 jjfc 

c ^-3 j -^ 3 &j oi t (j jJLI! ^3 t i-LoJu^Jl (J jL>- 

irf if a * * 

AJ-b 0 j ^ o -ajl jL»^ l)| . j_»_«Jl 1 Jww44«Jl (_ 5 ^J^I jJl ( j\sys^\ 


ojLjj ^yS is Jjjoo ^isLisdl 


(Jl)V>- (. dJLL ( — i A-d-o-P b-plA^J J t A*-felj4Lo 


^yd! a1^*j jJl d i 1 > ooLS" a_AJ . j^jjJi *. — i_Ls>- ja *,(S <v St ^ 3 J-iaj>d *■ ja . ^ ^ SI 

\\\ 



t Ul C ^3 l >L 5 oJlPLwOJ 4 ^ Y ^Lp t 0 -^*Aj>cJL^I 

(_£^-Ol jji £-dj-^> L-5^ 1 ^ j -v*-*-A>w>.»^0 ^ ^S"La 4 43l3j^ ^3>cJ C ^jjLk (J 

cfJJj C*->IS^ . (i^tdlill ^j-o j ^3 ^3 YVr jJ^SL<Ji) 3 C 273 ojddL 

^3 4 4j3jI C- jLo ^Jm-a 1 j-Lo-P*- JJLls 4 d-<>JL>Ti^Jl LfrLoJbl L)^i>"dJl Jj5 J L«lj 4 <U^L»d 


c-s^cJl ^w’i jvJ ! . . -J-! ^i y^j^i iyt (Irr^J 

( j-A Aj ^JL° -b>-J (_£JlJl (_$ J.v3-Jl (jlSj C liSs-g^o iJJJj X*J 3C273 ^ 5 ^ (J? J -A 2 ;■'! 

.(o,XA J^JLil ^ii)l) jial»j A~il jJ-^a 



^c- a-^-j-L; ^ykyia >-*j t a-_Lp jj] j_a 3C273 ut ' o,TA 

Palomar £- 1 jJl ^3 dJ«Xj L0J5 j 4 ^ 1 j ^.JaJi 4~5" Sj j^.^3.11 o ju& . 43 ^JL* 

t ^ c j-~-t\ 'y^yA jj-^ 5 -^j - <jpta U-idJxa tSky Survey 

J.U 4 ^ _^-bi L<^ 4 4 *_bL*J! Si jjJi l)^>- t^yy*** <« ld^>- (jijJI Id* 4 

. jsjJl *^lL 5JJ iUkiJi IjJ! j; i jJ-i Hubble Space Telescope ^$Uti jl 


£ji^\j J-* dJUi OL t ^ 1 $ ^ t lk>- iJuf£pl JlaIs c Jl>Jl ^Slj ^ j 

* > 

JL^I jJ* ^3 C ^jjjLa ^li LoJlLP ^1 Aj.iLjLp'Vl j-*P AJL*-Js? ,*J J t l_L> j^- 4 

*, *' * > 

AjV t JjaLspifl wi«k J^j-P |JL>* UJb>fc«o ckkil jlS . <uLU cIJjjjLJIxj J*wA 

^Jlp ^Uj c JLwo-jo I JuLlj 1 -xSLaj . o £l j*~*~ Up ^ k>- ^-bl 

^Jl J-s^2j AlilS* (l)lj (. \^y>7LA ^£S1 3C273 JwLviLoJi (1)L t 1 -La 

> / * t. 

JjLa O^jIS (jj,l aSJ c_ 3 J-^J • { J^-f ^>0 J^l S3 -9 O ^ "^ 3 

* 

*\ j ^> Jl ^ a^L* jj oJL^. XX ^jJl j t ^LJl J-XJl ^ t Hubble law 

. A 3 L—WW^-l 1 

ya ^j^jXls j^T Jjl ^ 3^48 y * jJU aJ jlJL> ^>-1 £ji^J jJu^-oj i ^^>Jl dlta UlS" 

C k-A j.^2A ^3 |*->eJlj p-^Jj Lo-A^LS* (jlSj . \ ^lp ^3 L^iLJLlS'l p-J JbJ_>- 1 — &X y ? 
j— iSj t ^J lSLj ~l*jI Lo_^i*-v^j a-*j^p oUUL j t ^-JX> ^»j_>sjJl aJLiS* ^ la pI ULS* Lo-^lSJj 

k s oJla cJlS j c ii^ol jJl lipL Lo-A^^iS” <l)lS"j c ^ ^>0 ^y> <. I Ju>- 

ojUaij^l ^ j t quasi-stellar radio sources 4 -J» <L^ol ^Jl j* UaJL 

j*— *»L j l j! 3 (.Quasars d^l jljl^^Jl A_k-S^ 

. ^Ul t quasi-stellar objects Z+a^cSI 

,ja jL^> U jlp^ks tSf j\ oljljl ^ 5 LJl oLt: 5 l ^1 Si 3 ^11 (iJLLail j^Jlp jl 

r L^Sfl ^jlp eJLl^S'l p_j j t a_>jj^Ij j^l >3 Lg-L-^ c-*k L )1 

L^->- jl j ^-3 Au^_j L-^w<J I £j£ij t KIj^j^Ij AJLalskl)) {£3 J^l J^\ J+S* A^jLjlwkl 

j\j\jS ^ jS\ ^ j -?, j . 3C248 j 3C273 JL IPjMi obiji'^u ^>Sfi 

o^ww_> k ^^-3 Vj -Lj>- jJ V (J^ j_ol jJl AJL+0 (l)Li t (1)^1 ^- 3 !j-P 

. oljljl ^)l 

A.*—! *)\J LsJLj 1 Aj ji LIpL Lgjlj 1 OjIjIjIj^JI ^Ip d-o ^^1 j^Jl CjL-I jjJl ^j^vJ j 

a_aL2-L ^ .J1 yji u ^ 5 'l A_*_Jjl (1)L oljl jl j_^JJ OJ J ..^3 Si . A^LwwJl 

^jL> Lo-^j ; ^,la ^jJl Aikwkl ^jA £ j-s^-^1 (^L^— jVI (jl j c U» L*^2 j aJl^IjJI 

( 1 )L> J_fl_Ls 1 J-SLa^ . A-^>- jL>- AxiaJ^ t Ju>*j ( 1)1 t Aj^j^I j] 1 C^ljL*-o^f 1 

( 1 ) j-Slj ( 1)1 c 1 J->- A_SLk^° Ajikl^fl j-A j c La jS* jA ^3 1 AiUaJl jJwa-« 

(^iUJLj^l) jL^JVl J^-k u^X: supermassive black hole iliXll jjli Lii 



(J jJij o t ^ ^ Y* ^Lp c ^J-> ^ ^J^Ls ^ j>- JJLs t oJj-L>cJLj 4^x-sIi 3I o J-A o« 

£-_J>lj . (jj L^jd^lj jXv2^ ifi ^- 1 Jl cS^Jd J~^l (_pli j»— ~>J-J jil>«Jl jl 

JxJl) ^»l jXil o Jo i(jjJL*Jl <j _jll o Li-j jj-ljl J CjJUlS" J— J jiJlj t-J-J 

t Jj j j j_jJI j»_>tjJl J—- 4 ) a j j-s^ 0 (J j-?- jl ji t J-aS-JI (JjLs J - *-? 1 spinar ( J'j— -j 

- > > t 
l 4_*^~JaljJ«_aj oils ^Jl A^jil>- oils i_Jja»Coj l ( ! 0 J> j^J° 4jlftj 4 Xo ^Jl ^Jdj 

• Jl J jr?J 

t a 1 . . A « a ll O-ilS" XaJU c >_J j y>u> ja\ _J 4j J la o 11 iillaJl X»j jl JobJJ jJ>j jlj 
Jl Oj.il>«JI oils J (jl ^j^ftj (JjJi*^ jj^aj £-/sj J (_y* l *lftJ-*Jl Jl O—jJL 

. illo 5JL Jaj J*~Jslou>j £"J-il 

^Jja t 4 -JlwJ| oJl^J *>LSw t ^ <\V £ ^>Lp t ^Jji X)*^Li y>-JJJ Jjj jLa 

Jjj j . <lLlSsJI JJli J <J^->- jl ^ j-^1 t wJiJ ^J j j-j>- jL>- jJ oliL^I 

-' * # * ^ > 

^ j— .-Nl k_JiiJl SliS" jl Jlp Jlp oLlajLoJl JLp 4j-_ftJl oJxJiiJ! 

ixjb jM Jl OolsJl {jA ollaJ! J^a-cJ AjLIS jL (JlLj . Q-....ft.X <tliS" j^Jj {j* lja»u J-J 

(jl j^>-\ du>- j* J l ollaJl J ^a-cj AjLiSj iXlii j jli) 7.T * Jl (J-/ 2 J X9 0 ~JabXoj^J\J! 

*,V ( LlJ ^Jl j tmain sequence star J~-j J l ^.luJl J t t ^?-jjjL;Ljl 

> ***■ " ' 

oJl^_S* 4-jl_P* jtS" ^J-P (J J*xjl ^j^-ftJ jl 4 _n 3 dl 1 jj^- «•' ft ll J ‘uUJL 

.Sui 

4j>- j.5J_»JI <LC-Jlj Ja j.^-oJl cjwal ^Jl (Jl (J_^-va Jl <JJ ^^3 4_ftjlS ilvi*^iJl 
qLju^ isu^ljl (J t J JJ^Ajj ,j-~jj ^jAL»I JxJj .OjYV JSjjJI lft_fl>l jj jjjjJJI 

J JJa-j <_ 5 JJl j tTwin exhaust ^L*JI» J L>-ij_»ji i jJ^c- ^.LJI j Jjl 

£ i ^ .4 

( J t ^la ... ft ll t Plasma Loj*>LJl lx* J j»cuj .o^Y^ JSjjJl 

oL*L>tjNl oJl* jlj t 1 ^ ...ai J y>- Sjlj^ ixJaXo Jl 4~~. x!L)J . iajlia J^l OlftlaxjNl 
t 0,Y \ JSwJl ( _ y 3 i ^ J Li L l J J jj^JJl J^-j . jljjXil JJ=> J-^ - jjj- 1 

JajLi t aerodynamics j j_JI J ^ Jlp J jy^xJ ^1 j i Jlixll ^‘ISLaJU axils' 

4_>-l j] jjAa- Lojjjl t J—5 ^L*jcJ! jALaijNl ^Xa J Loj“>J| . olsjXiUJl 

*■ > ' ' * 0 « 

^»j t L* (1)1 4jL*v^>Jl Pj* fc ^ >c d i J t Ja-oJ jJl A^o^Lia 

^ill L^jI ^Lp <1pLJI j*/sa\\ jJl j . A jtJ>^>- 




PI 3 .SH 13 . i Jl ^ol*Jl ! o,T *\ JSLiJi 

. jljjjJI jj>u* ^s- Jr*j* 


A^JIjcJI j t a£j Jj>cJ I » *Ji 1 ^Jlu 63 ^>*LoJl t 4 j^j ^J l jj^/P llj y ^ iS” p>zSLoS I 

A " 

. c oljLJl ji t oJl* c > ..iU-JLi 

> g f. > 

ii_oJ Li , L — 1 jj ^.^Ul A-^^-LflJl c-Lj^-oaJl f-L-o-L p 

t active galaxy 3JaJ.LJ! }y>y * Jl ^Jic- JLU5 j . jJu^> J) 1 LjS' _^Jl 

jj£L> j*Ja— ul l Mg7 j»-wuL asj o^^oJl i\jj c o,T ^ ^3 ^ \jJU 

\£ ^ 1 .l3l-i-&j . IIa j l* L^jI ^J-^-JLll . 4_-j>-jL>tJi 

il~- i(o,rY JjJLiJl MLo ^_lij|) Syfert galaxies cj'jA^» cjI c->l 

0 y?r-* JUJI aJuP IX-a ^*51 C^LJl l ^ 4»*_UL*Jl ol ^jJl 3\ a/? >.)' 

^lp ^JLs C— >15” jj L^jJ l £_jlnJl IJ-A> ^3 ^ ji>-l o^la>- O J • -^87 

^0 * ^yZ Vj t4-*_L>LwJl L^Ji jj j—* l-^ z* jj LJp 3 c->liL~wo 

. (tA*3 3 ^p-j aJ (1)LS ^J) O-^jVI 



(Jpli ^UajJl i— ij v — >U j-&Jl L$_ia_AlJl j o j ', GyT • JXjJI 

L5 .J j c j_J ^ i Very Large Array 

<Sj^ j* iyt ol jLjJI j ^L^a)! a-j^ ^ g la, .7 j <. Lj-Lj-jJi 


Lai . oj J </3 ll -jL«j, C Aia^iLJl ol jjJl ^Lf- J^SjlJ 1 ^a t IVI g7 1 \ 

irt -5^ < Sy^ j-r^l *i\a ’ . n .\\ \ j a..i jVo-jVl r-_jJJI 

. (l~oli C Jjjl .. <3 4 , 1 1 ^JjLiO >— >\l^A I^LutII ojj- 4 ?) Si jjl 

m 







&A jLk 

o j^LJl j^jjL LlJu , t 4 ^waL>J| Ul» y*-*\ d-w **. j ^j>s L^L»1 I-L^sji 

1-Aj^.i *LjJ>L>cJ| 0^3 c d^)AJ1 ^JLwm^ ^Lp Lol • Cs* (J> ^*-*-m^qJ| J^J_P 

IjjU^> ^-4 j l j djLo..^*,^.>gJlj oj«Ul *L^3 *L>-L*-> *xS jA I j-&j tL^i— 0-^1 ,<*Ijl*jI 
c L»lj . oj jJi <du ^.^.iL O (J ^JLj *V 

^.Lp l) 15I *1 t j L_*. ***..o. 1 1 J-aL*Jl LajLjlpL Lg_j|JJ j <-ojiL>xJl <1)^3 

^ a.jg lj ^-3 t La SjiLo oV dLta . djljljl ^£Ui ^1 t <L^-ol jJl j^Ls^^J' ^»! t ^ j_>cjJi 

plj->“L L ^_oL>- (^iLi-Ssji) jLw^-jI JljjSj>- ^Jj l£^Jh 1 ® t L>- ^j>- L^LLLa ^.~l*jl; 

^ ** ✓ 

J_al ^.Jj 4jujj iilkJl jl . f-ta i_j jjiiS JjLo t iili^Jl o-bJui 

. i^iJ^ J—^Uj ii jxo ^yj (j-«-^i 4 j^s t ^Jj>ii]! Lolj . La^^j ijiL>J! jl Uijj 


rro 




0) 


t.Lahl\ & 

•» 


✓ * 

?^JjU2ljJ| c5 iflU Ja 

v JH ^SLS! 4.S ^3 olS* JLiJj t (J ^JJ Ll>I J^aLJL* ciJ-ljaJl j+_Lp Jjj 

1 1 jJl Jl supernovae ^yJliJI o! j <. jJ b^J j <. c3 j j t *jL-Ul 

Aj^-J I AjiliaJl j3l..yfl,.o^ ( cH^LpL*J| <LjLjljJi ^ ^->tjJi^ 

SI i ^$1UJI ^JU Jb^Jj <, ^SLUI jJUJ j^*-* 2 -* 4 oljlji j^Jl 

^jl ^>eJl o 4 a^o l^J I o jjI sj . (Jjbl o JwS> Li Jls L « ^s-^^jXj L)l 

t v-jjitil J jL^ j 4 iJUJl oULUl ^3 a^J^LJu* j j-^$ 1!1 o^JUl jUij t (^jj-Jl 

' i / 

SpL-p . oL»u>till 0 j-A ^JjlJ aJLUI fL^-iiil ^JLp ^^L>L>tX»w* j/ ^jIj^j L*J ^ I 

. 0 A-wP ^L*->=-J (jl .^SLUl Uj o JLj Jj>- lJIjLo £^ p-cj oj-A 

^ — 4_jj_lajJl 4 — 4 la >- jA. ^.-ll ^_a ^ ~ > V ^jJi oj^jJl ojuA ■>*•, > 

c^i lS^JH ^ A>-j ^Aj *. (jlJL^Jl Ji*o ai jiJ aj>-j (^ j l aJ * J 3 t . . . 4Jij>- fc > l uJl 

. ^ Aj Ip j_* tiJUJl jJLp ^ Lp>l ^isl jjSj jl tj^dl 0^ l* .XJL*j 

. «seeing is believing jj-UaJi ^ Aijjil» : y» ^1 j 

jl (^'-o-J ^ ^1 t f > " frr 9 ' J r a °j- ^ j a - 1-° j-S" l_^i-Ujaj jl p ^ ; jp' jl (_$l 

. i. ^U>ji j j-p5 jl Aj ^I^JNI Aj j'y ((UslIp^ iS^ 1 ■^1-^ 

(jj^aJl OLUa^jji iJ^ljl t W.„.„.JI lj_A t_)^jkj jJ J- L lJl 

i JL* ^3 ^ jj ; — 5 . ‘USOujJl j j-JaJl j***tJ3j J-LP j J->cJi -L) N A 

" ** 9 " " > 

iJl-LA Oj£u Ji aJ I ^_IL«Jl jjj>cj (. kZj Lp^ J j>- j/ 1 ^1 ^jjo aJjl»I 

. ^JL-j ui La 



i yu L°Ju*J . kiJbJl ( Jw V <ajaj! ^y (JlLta ylc- 1 (J-*a11j L JjiJj 

C-JlS" L»jS” Ul y Ljl Ju t j'ill aJlp y* LoJ? Ui y N Lila t 4~£ii jj j-p* y c U o'y*-* jt 

. ^ y^\ 4j y y *^2.1 1 1 LlzM ^Jj>-ljtJl *■ ^ b&^ylp La^XlP- 4-dp 

Ijb-P^jd-) V I C '' <Jw^3. -1. -o-l' til ^y -t-- > ■ - la *_] 1 o y > r o . ll aj y**0 yip 0 T ^~ ! (3"^ 

. ^_^>JI lijk <ui c. jjy Up ULj l^JI °jy*a Jl ol A A y t Andromeda 

9tLUi J*al *l,\ JSLtil y SjyaJl Oi J* 


. Lj jju ULp aj^aj ^ - L aAj ol y^Ji 3 

. a-Jlp ^-a LdS* i ^Lp ^-3 AaIp" d— >IS* U5 o ^ l^jU^ 

* y t* * * ^ ^ ^ 

^Lo a^w*»%*-L>ww<>j 1 o i y • < ». j 1 o o t L< > j i>«x^ La_ 1 ^3 ^y»^* 

ypaj 0*»>J . Up 4jl.J J_x_jl yip U-wJ l_£-JL>l_£j ijli IJJj . 4_d yO 4b— j \ • • • » « yji 

JlxjI tiiaU-j J Ujj <.Oy£j 01 ySUj £ly~1 l)U t U^laj iai- ^Jl 4— JL oyx^Jl oJLa 

4_JL>Jl ^y Lo~al y 'l/ LJLs IjULaj . y y VI L^j|y>-I JL*j y> Up 4—j j_s4> Cj 0 * • * * _> 

yp ^>Ip o « o • • _j 1 y»U« c5_7d *“■’ y*^ £y>«Jl <ji aI tl^'b L^JL#- Lo-a yJl 4*^^]! 

aIj yi Coyt-aJl yi AaJLip^o i\y-\ ya J-* L»jl oly La (jli ldJ_j . L^Ja JLujVI 4-yJI 



5l .Andromeda Nebula «!Jl_« jjJu'S'l» jj l.i .'.. Jl ^ju- :1,\ J_SLlJ! 
ol-^ji ,_jj (_5^j IdJj i Up ysJAx^t yysi-s P dLo-Jj 





. ^ “talxs^o v — ^9 

Superluminal motion ^uaJI ^aJl 

-U- ( _ 5 ~-*-j ‘WaL>rJi jLSli! ol t ( Jw2jjJl ^^9 t LoIj jJL) 

l i~ \ ., h\ \ 4P J**t ^jl ^j^ /3 j Ij^S V L !»*,> ^1 <LP ^yi-P 

4wJj>“|jJ! 4_Lv2-fl-^Jl OJ I wLA l.O, .<^J l OjLL> wL^_i-3 t(JU>“ 4_J I ^-Lp^ . La|_\_*_1j J I <lL> 

C (3^® a 5^J>-) * j-* 5 - S 1 a5 j>- ^jA P a5 j>~ ^ J^T 3 {j ^ ^3 ^S3J 

> ' . > " * 

. iJjSUl oIpjJLp-VI iJbJl UL>- jll^Jl IJl& JjUij i^ij^ij . o^l>cJl 

JjJaJI i*JL sjpIsJI J^ia>- jj- 4 ^oWjaJI Jj*-Ijj 

Very - long - baseline interferometry (VLBI) 


( ■> I ) l_^_3 ! p- L..-» Lj C A-4J-w>t»fl to jlia-sl d-w^Li JJaJ 

o>l j 5 c i <J jl ^3 c oJLa o— >15 jJLJj . y o ^5)1 toLwJO* <J ^_L>- ^a c jJl 

i ya jL dJ (£jj*\ J\ ciiJjlJ! ^LoJ-P 0 j.-£-oJ>- • 4-LsAjOo ^-*1 J ^ 6 ** 5 *>■*/? ~ o3 j JZ*** 

tl)5_2 * La^j) ^ >• (3^5- t cLU^ ^j-A 

Os L _jJl ^_>al jl>-I (J jJaJi 4_*JL> LjlpUJI -U ^_Ll>«J1 Jj Jl>-1juJI ^j'lS 

. ii I J-A 

oj-Alt ^ JUiOsJ Ehl jjb t interferometer JJ^IjoSI ^L-i^ t«Jl?-JuJl» jl 
<1)15 ISli c <LL5-i5w > j oi jji 4^-i i?r j-JlJ j . ol>- j-^JI interference J*>-IjJ 
J jb I AiLw-a L>-aSju»“I ojL^j c 4j5 ^ja oU- j-<Jl <-^L5 

5^ l^jl ^<3 A>paj LgjIjjJ <1)^3 t <c5HL^» L^4 j C ^j-JUb ^ y* 

path jL^>Jl L> ji t<oliL^Jl (3 j-^Ji iJu^ vl^L>- j . ^5>lo5 jJ 

^ «. > j 

<1) JljJop j . (_£ jj>-Vl o>\ k >cjwQ j Ji Lo-aIjl>“! toljji 0 L 3 t difference 

c IJu>- o l (1) 'tjT ^3 I +11 ^JaiLoJl Ja>Jl l ^ .o.^ t 4 j>cJLJ! 4j>- j-<Jl 

(J c-jL^a J jljii^j ^-3^\^>-l sXj j jJj . ! 5a o L^< g a>o^J 1 j ^IjjJJI ? UJ| 

p. ** * s ^ 

^3 ,la_» L«k5^ t IJl^A j . X aJLoL^ jJl (jXs t <j>- 

# ^ j 

j^jCj l_ 3 (LsJjJjj ^Oj^LwOo 4J>-!^)! ^sLs/?) AJ_s/2_>t-a o Xi C Cc— ») JioJl 


i .jL-5i"yi ^VtLAJ A^y*h\ (J jb JuJox^i ^Jj-^aJl Jj^lJdll ^wLs (0 



l j 0 j-yA-*s2 4J>-! 4_LP t ^JJ>-ij^Ji (I) ^3 

jjjUaLi ■ I j ~ a ~ > ^ > L 1 0 I 3 c L Oj L«L«j o^>" o— ilS” I 3 J 1*! . ^LaJii^Jl 

. Lj 63 C-»l^-ljV I l-.4-* - v ^ J i 6 J~& <i./3>voJl (j ( Jr^‘ 


Crf (jJJ^ C5^ Lo ^JsJ \ l.j ut^ Js] \ J.*1*j L® c5 J[ (J^i ojjS) Lo^jiJ 

_;! J_p| j~y*^* f*-^-^“ o-i-oLa ^Jl^-IUJlH 4^Ju 3_» tjl dLta £r • aJ. ■>.<^? Z o ll 

. ^iii 0->1jLa^JI < jLJLSL t jU^s^oJJ a^S y^\ ^J^^Liiii 




o! J j]e> t C S 1 ^ C 4 jJ ^ 5Ul I ^ ykj ! "\ ,V' 

od j ji ^!Lp ^ ^jd! J^JlP & t_]-Ju a_*_Ll4L<»J I j o ^»o.^...» «>Jl J? ^ia>iJl ^jA aJ^LuJI *Sj\ ^SsJl o} • 

. a>- a^j>- c B j A t o^^-~*-dl o^jli j-oJl <^j • ^- , ^T - <*zj\../za‘>*^a j 


y^b yjjA c _9i j-iJl ^jA ^yjS'i tJ-jjJaJ! ^j-^Lwo'yi Jai>- 1)1 "\jY* LLjjjj 

jLli^a ^J5wJl ljujJj . j Jwa-<JJ o j i Ibj^j 1)1 t j^-NL» L^_aj^»-Ij 

oL,^i>wJlj oljjJUl ^iaJj .S ajIS jj-s<2uJl ^ja ol>y OLoAia^j iB j A L>-a 10 LJI 

1-P l la 1 1)15* lli_j . S ^jA ^y>rJj A-* I aj jy.*S.«.+KA aJ^LjL>» y\ JlSI-Jj ^_Lp Aj^j_$\J| 

ja 1^ jl>cj oi U-^lSCoL jU t ‘L->- j j j! B j A j^jli j**Jl 
. aSjJI colj LAS’ N> AB ^L.S(I ii» ois' ukj . j£\ aJx cS jJwxJi 

4j jljLa ^SLj C^w^>xJ c <lULj yj j ) *)\ +,alj B J A jl t LoL^pl i. £lS yL) 

N Ji (Jl./3~Nl t-La> ( JJL* OLs 1 1 «. g .,<? *_> IJl>- ^jJLou B j A jl5 lijj . Lo^JlJj&LJLa 

£ * ^ > 

/j-* cl) L-S t AjLAJ aJLj^ Aj OjLpLaj j£ yj C dLL ^-P ^Ji l)^_^j 



f. * t 

ol cB J A 1 ^j-A • A-b*-*^^_lJl ^j-P $• bw*JL^ ^1 1 I 

o\ dii jj l Lo-^-t j^j ^xi! ij^L/3,i>tj^>Jl j o»!^jJHJ <Qp j^Jsa o->bus jj ^1p 

^J-> ^iaJi ^J^plJiJl ^^jS-IUjJl ^ja'LJlo o \jjti ^Jjc>- JlaJj . L^jI.} Apx-JUJI ^1p *}L «/?.>tj 
I.1aj .B J A yp La J-aafiJ ol ^la jJLSsjl i_jN I Ca-ilS^ jJ 1 yJs>*lil Al$lap> 0 ^Sls lUp- 
(_$l igpljl jJLva^JJ Ijl>- aJIp resolution yly-ai ^yip J-aa>«_; jl ya » jjJO LiSLp 
Jjl Ap-j_b JyPjj/l J_xal jJl JyJl A : ->'.. 'J lj y-Nl yp Jp-I jJl yj j./g^a all j^La jlS” jJ jy?- 
( ^5v_«_<>Jl y_a jli t second of arc a——* jJ a«JIj yp ^'j^t a- aJI ( j-a JL>-tj y_a 


• CJ^JH 

Aajjy y 0 ^ A-yj j y^-^i ^ \-6^~iJJ ySLoj t yi! iiLl-aNl sJl& (_JJIa >— * y-> 

■ Lo-frlP ^lajL5 T * • • iiL~a ^ylp ya t J^IlUaila yllkiU j^lp J~»J| Jj 

Jj-s/2_>Jl ^j-SCo-oJl iJL*Jl ijLjL^'yi (J^\J>- i *L<Ji*Jl olSboL JJaJ j 
aIpL ^-a ^Ji oljlji siUj ^1 p La jl c ^SUJl 4 j2j! VLBI AxJ^JLj <l!?Luo I^Jlp 

^ s ^ „ ,» 

( _ J A iaAS Lgla AjLJLj Oj-Ip jU t L^lS” ol jljl ^Jl ->Jp y-j yaj) AjyOljJl yjlp-yJU Aj yi 

/^-P 4-jJbJl oIa O*. i JlS JlaJ . (aj^-OIj A^J>- j_a (Jl j]s>\ OlS C->L>- J-A 0 jJL) ^lJ| i * 1 1 7 

.aLIs l~>y0 J* ^ ^1 

f " 

o*Xjl^*A AjL^UxLj t ^^dpl I ^ — LwJ I Apl*>c-o-J 1 L-s «. £ .«./ 1 2 ^ j ■ — l ^ V * 1 Q 

j_ ,^i;-ii 

• NGC 62 51 oy>txJJ (jil y> ^jj^\j jJ_^ 2 -»J iajl y» ^ya iLJLa *\, i J5wJl ^ la \j 
j^Jji y&j c cij yea (jx* Lia j^Pws! jJ-aiaJl j^ar«P- jl*Jl jiijJl U 

f. '' ** p f > 

t jLp jl 1 liA' c ~ -aj-ll ( _y IAjLjLpI ^5^/1 Aiaj^ivJl t 4 -LSCjj . A-j Ai«a 

y 0 (_r“L~Aa (^Ip- L^xJap -^La y^a>J 4^j ^a l j^Sj l Ap j-P Aip 0 • • • • * ^J| y>- aJ ^J g ^JLj 

t I ^y C VLBI A*jJL) AiaLa y LalJ ! a jjfc y~ j^p j Sj 'jj j . A-u j -P AJt-p ^ * • * * 

^y C A_i_al_^JI A^wJ! (Jylg ( a-L i ) OwL>-l^ A»*-)y*ag A L - a ^aL-La ^yLp L ,1 * - ) Ajp 

. ( ! Ly ^ * ya Ji I i J-ap^ I 

(1)1 . jljj |*J t O Jaj jvJ t ujj jJsjLy Jail y>«Jl yo iLLLJI oUp Aljlia y^Lao J 

p - * > 

. l^Af La j^Jy.i A/LjL-u I bj aIsj j>- 


yiv 



1 megcpOr$*C 



jil jL3\ J\ jJ-aJI ^ Li-- t resolution J^ILU : J£jJI 

o! . ^L>fcj>-t ^3 t NGC0 625 i j 

C C wLjfc J^_C- 4 L-j^jSj \Sj I y~-*» (_s_jl j Jb-I jJ! (parsec) 

.UVA t \n t yvt a^. ^ i*jjij;%j 



p f. * 

4^*1 (jju I 01 t (*jj 0 <• /^s^LsJl 0l£*l ^5 jL*/ 3 
> ^ > " 

*\,0 JSOjJl 0 -j j_j j . 4^JjL>t>» C-jii j 1 ^9 oljlj! ^xj C^Jj>-! i 4 -JLp aJL-JL-^I Ota Jajl jJ>- 
" 4 ** > ' , • x ' ' " , 

^»Lp JjT ^9 j j yz 1 1 0 -La JJu JpLiJl ^ £ ^Ip o jJ>-i Jij c 3C345 jljl J$U J>- 

•U Z ~ J . c ^Lr^ 

is jJoi- olS ^j-a j 1 contour maps Lk^ Jail jJ- LgJL Jail y>^\ oJLa 3-^ j 

^SLoj t Jyil jj-JLUVl 4.1a.>i^»Jl Jail jiJL L^ijjLiLa iJ^Ls- {y?j • SJ-iJl ioU 

- ^ - 

tf -* 

01 (_£ j-> Loti 6 4»0a-^>c-<kJ 1 Lfrk ^_laj>“ C-^LpLajj! ^^-Lp ^ ^-*jJl 

JyljJ iB j A L_$JI jiiij “o-ijji 11 LJ A,o JiLiJl ^ _^J=i ^1 llajUJl 

oJl» (JLXal ^jS L»_^_J|j .3 Jyjj U jJij La tali liUjlij . iisjlp- Ji ^3 l XajIj j^a 5JL>i 

^ oJb>-l jJl oIjucl: Bj A 51 Uti ^>11 vV. 4— >• ‘L*K Jajl >JI 

ip^~Jl oJLfc ^ ^5 t t j j .(jj^Ml 

<J jia Ji jyJ[ l cilta i 7rLu*t_i LJl^ . Xs- ^a-JI oAa> (_/"Li <~LS ^ Nj I jla.'.l* 

> ^ ^ ? 

o j-iL^a <u~~aj 01 ^ySLLdJ l»j . ola-iUL«Jl saa»-lj Ji AB 

.aJL^JI oJLa A, A JSLiJl jLjj .O JlaLlUJ t AB Jjli 

^xLj . B j A ^j^a I ^ ..Jlp iO L*j^ j>> o Lx* LjjUj 

(J jJ o ^aLoflJ j .O {jJ> L*-a ! y L«i" B j A JyAljxjl La £_aj l _yl)l 4 jj!jJ| j_yj-9 (. AOB 
y& jJajsJl c_A^aaj 0 1 ycXi . o jiljJl jiaJ ^_A„/a. j (J jJa Jj j- 50 ’ cs^i LXj L i t jiJl 


tO«-w>-) 2 7T R (_£l tiollJl <U^w«jJl X j La. A 1 1 (J ^1? (_£jLw*»j c jjljJl Ja^>«-4 01 j ( y>^> 

4_jjijJl 0} • (V /Y Y c 4JoljJl 4»^wjJl 7T j to jJl ^ la 9 ^ a i yA R (j I 

jj-a \*jy- Lji-i-l jJj . °VA * ^J—i O (J y>- J^aLSLJl 0 ^iiljJl ia^>«_a Lg-A-sALJ (_yX)l «LLaLSLJl 
I j_A O — j <LLUI AjjIjJI aU-wJ 0 c AB jiJl I Ja_is Ja~>i_»Jl 

t Ja-s^— Jl iw— sxLxJl (JL*-)tx-aLj i iJiLfc j . 2 7r R ^1 AB J jJa X~~jS t°T‘A * ^ ^JjJl 

,°rA« /AOB Xujl^l xv /Y Y x Jaijl Y ^jLj AB 0U 


(_ya . 3 . a^y~J! O) 





Lii I j . AB J J? jJJij jl LxSLoo t (R) j! jl j £. il Jas j./g - 1 L> 3 yu> ]o i 

> > 

JjLa 0 y*j t (Z) *•! 4 -J^ t (R) jJ^2_dJ! < — o » /? j 

Ijjli i 0*Vt HI • ^Jwv^-aJI y]j 0-* £_£jlJ-Jl ci^ PT * J 

jljl ^^J! Jlxj OIj t yo L^-woLi £l j&s>t . Jl jijl a>-IjI (j! t a1?L^woj c jpju 

y_>*}0o ^ * ^jjo ’ jJL> doL) 0 ^<*J>Jl 4 ^-lj^/l k > jji-> J^> yA <dip (J y*/ 2 S >*. Ji l^p 

tjij (, * ^ 0 *\ 0 £_Lo ^ ^^3 1 3C345 jljl 4 _ll>- I-A^Aj . 4 -o^-vC? 4 d-»> 

oJla (J'^J>- y* t y^HlLiJJ ySLo^j . Hj jJL j <Lj j-s^ 3 4 -dx yo <CUx £_Lo lip o 
<iL~Jl oJl& 0l> Jj>- j JjJj . 3C345 -J laj! j^Jl yA AB \ 01 t 4JL j]z}\ 

L *~jla yojJi ^J-iLH t AB iiL^OJ LJLj Lo-^j 1,V ( JHLaJI ^y y, jjj .^Ip ^y J uy 


OIj Aj>-^ JuL) . 0 'jA Jj^j t 0 H 


J ^yk 4j>t-dj yJlP H-ALa 1-X-Ls^ 3L>- AJjJ^ 


01 ^-v^l Cx° ^1 * l *~^ > ap j+a cOOcs ^ l A _ Y* yA \ ^uLu Oa>c*-> Aj y AB ip j+** 
ijjJaj 1^£> y* t superluminal y £^-1 y^ yJI ^1 iS' yJI oi* 

. 4^ /2 1^0 1 AoWWMhO 1 



ABO 4 jj\^\ oLj (40 : n,V JSOlJ! 

yr' ^ ^ VV J Lp 1 3C345 jl jl yUi yJl yJl 

c ^-»V’,A = O t Y, A — • t Y =X 1 <0U1 4 y*> j^Jl Jl oLL^>JI 
^ ■ oj Ipi^ ^ y 3 4 JjJj 1 3 Lwi I ) 

■ ( \ ^VV C t Ao ^^Jl lIjI j>xd\ p j 3 *jj J 4* l> jjP 




tVLBI jJila c 4 JI 3 JL 3 C 345 jljlj53l i'l?- ^j£L> j*Jj 

ijl ^ g - ^ ^ j N ijLs IJl$La_j . 4 ^_iLJLj ^jLLj pjP i (_£ OjIjIjI jj-J 

ol *— <■ 4 -> ^ ia^A-pi jl oli^>Lva_o LajLjIp-L LgJLP jl a . ~J l \jJj^lj 

. LgJ I Jii I j^oJuL 

AiJ jji Ij^ll pi Jlaii"l PMj 

^*/?J>vJ Lo| . I j ji 4 ...d ) ^j£> t La j***JlJ ^^1-P (Jj) »/ 3 >*JJ aL^s*^ 4 ^sJaJL 4 Ao-> 

■» > ^ '■' i j. 

4 1 Jj>- AB (J ^-b j . i_o>- ^ 5 AB cJ ^-U 0 V 4 AB <J L-v^.d j! ap aJLp a^ — 5 ^J»p 

4 o^pj AjLqj 1 0 jia3 4 — Ap ?J <jlS" . Up JL«-Ji AjLp JX*j (R) jljl j^Ji ^Ja3 4 -Ap 9 ) o'y 
^a p£l ^Jj^j 4_3 j*- t A>-jXJb ia^JUx B J A JUa^jl AP cjli 4 "jLLa 

, A*,^ L3*tJ I 1 Aj 

ol ^x*j ajV 4 ^v^SvLjJl p^xJ ^sl jJL> 4 4_. o, ^J l jLj>*J| eii-ta 

lx* ^Jl j«*z J . Lb j-LXo jlS" 4 f-1 ^<kj>cJl Ai^ijl 4 jljl^^-ll x*_> ^1 aIj jl? 

> > f. > 

4 aUL^jj 4 Li* X3-U IxlSDj . 4 — >lx^Jl AoJii*- ^ oljlJlj^Jl ^L*jL Jaw-o p^xJl <— 3*>L3 tJI 
^\jo 4w^w»>Loj ^.^Jl -^L*jI ol ^3 4 j jtS \ aJLp j_a p^xJi p^I jJL> 

>3 4 ., A*/? j jjJij ^3 LOj 2 j j-b p)L® 4 ^L«/g. 1 .>-*V L j . JjLa p 5 Jjli ^ 4 *i ^a->cJl L^jL^-I ji_ 

. aL^JI AA ^iaJl cijju X^-JXo 4 iiJ^ 0^3 IxSlftj . A>t^>t-^3 (R) jljlo^^^ 

> 

X^Ls^Jl ■ iyfc 0 I 

a^j o j 3 L> ol . 0 aOL ^ 0 Lygpq. l^bx> ^"A ^ 0 x^-l 6 ^J^oLxls 

4iiJ^ L^jI 4 4 Lj5.5L-L ^3 L5j>j £t*jLv2-4-il j jj ^Llaq j JjJbJ 

4 Lg-0° AiLw^A ^Jlp ^iaXj A-^-OiLj - . j ^ $Ul JOwP 

00b>- jJ ^3 4 aS ^ pxJb Lo-Aj Ls^ 2 j 1 4^Xj>«j O ^-XJl ^aLia Ol L^S" . . a 5 ^^j>- <0 

. olS-^iaJl bljj ^/A^bxvaJl 0 *)LpV1 

t- > > <- 

0 jpA ^3 p LoL pj j-Aj pyXl.l 0 ^-SCaJI 4 lX>“ jJ>- JLAjL .3 4 aJ-Xo j/l oijb ^JU^>^LXij 
p^ A aJj^x^o 4 I 4 IJ 4Xb^ ^ja LxSl^j 4 L^jU A jjb^s -.aS* oljljl jS^L 

,1,A ( J5L^Jl ^ U Pj-jl .La^j t L^jf-Ljot 

9 ^ * «K 

tX lSjA: XXj j-^j 



0\ j*S> * y*&S\ a5 ’ j>~ <1)1 i 4 . 0 JJa-* 

t “WsLiiJl <U-^Ji ^a ^ajbSj Lap t a-»-ia./ga ojj .<3 j <L*jj-~a olSjj^Jl o»La 

. ipUl ^L-p-Vl ol£ ^>- l_ iygJ M LjJ'^ 

t 4 _*j j - , ^» I I 3 J-* ol5^ jj»» Jl ^-aJ O^j Vt-*Jt a j_A ^JJLa illLj t JL>- ijl ( '^i _Pj 
Jbljj £^a C ^LSlj jiSl a « *■ U . /» a jJLj vOjLs^S toJul^aJ! d-^ J ’. < l| 4_J_j! CjI.} Cal jijl jiLSl 

. j^Ls^-aJt a JA J^P LjLo ^i-a-a 

J 

The beaming model <ua- ^ xJl j*il 

^ £ 

^Jb^j 4^*3 C ^ J u j*u*\£ ^yA C Jj j ^jJjL^J 0 ^Ji-P ^-o-il 1 -La 

* jN 15" t io yj? ^3 ji i5” jJ>tJ 

* 9 • * * * 

.B j A U^j C IjfcLi/l* C *1 j A ^ C 

A*3 (J ol^jLl C (3 B 0 1 1 »4 mn. U C O <Xv ^ l^j 1 ^Jl AaMMxiL L»ajL) A J - ) -•■ /5 a>-l I ^ 

. y+ - > ^\ 1-La ^J-P ^4l^j>-^iJ|® jv-^1 (3^“ b\ *L>- IjLA tO 1 j-^JL>a AB Ja_>eJi 

C 4j 15 0*3 Jl ^3 Lo^wLS* B J A O (1)1; <• j- 4 L*-$J t J5Ui ^ la; c_3 j 

. (moment of time) l$JlS oi Jl Ja>J ^1 
y& A Oj_ t (1 )La1^>*-* O ^P L.^jJL^> d)l ; L« IJ l^>x^>x-*4a cLLta 


B 


y 

f A+0 *A J 4aU3-^ 

/■• v c • 

J A 

jJl (1)1 3 l^Jj . B 

cyt 

O ^P JL*_il 
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. ^cjj J uJ Li 

jSyJi ^ 

-bu'j! ialiJl -uj 
> 

f * 

pLsAj LalaS^ 

l*_>Lo Ljb 

: 

VS 

JSJLJ 1 

1 

‘ 0?' 

f-Ls *a» 


iJ iJL* ji 

y* LmJu Lo-Aj oli 

i t 4 IjIj 1^15 iliJl jl 



• Jl >* J*J J--UI o! . £jU*Jl Jl 



A 


I ! 


. A-AsS* 43j^kJ jiajl 


«ij> o-PtJj . J>JI d^Jal jj& icij (_$i iO ojAaj Lo_S" AB J jJs 

. 4*JLJL>*Ji AP j^UjxJb <~3 A B (Jl.,/g A > V Aj^JbUaJl AP d)ls c-$ ^ ^laJl 

i y f * ■** • ^ 

oJ_a ^3 t LixJLaU^s oli t<u>t^>w5 l$J j^Jlp aJL^^oJI J->J aJLjJaJI 0wLa Uj^-I jJj 

** ^ > 

V y>u^ oj p-^3 jd\ l g a ) I ^^Ip ®jj j->yg !L 0 j^j c-i y*» c a!1>JI 

4_i>Li->B_4 £lj_>-l ^j_p ojL-«p t (JL>«JI ^slj ^3 c 0 jj .,^3 Si oL jJu'b/ h) 

' j , 

^-Lp t L^jI^ 4uAjj-laJljJ l (_£ j ^jJjLa \ . y *.*».,CU jl . 4_jLLl>t^3 A-*-L«j L_— fl->- ^3 

^3 0 -jIj A ol j^Lpj • cjr^^ B j A jlaLLj LJl iJLSCa j 

i^aiLjU 4iL-M>3 ol *w iJi B ^0 olijl £ J^ajl (jU t U ^j>o .iJ^>Ou B d)l j AjISCo 

ji^LJl <■ — <, — (jl LoJT cd— s^Jl jj j-* j\ ^-oJl*»L> 

ap ol ^3 jjfc IJlaj . B j A L j>a ^oooLSJl i { y* r > t ji j^i^Li 



(jl As>t~Sj ^Ip C-3 y*» ljJ| ^1 l Ja 4 jL> L^ J U a AjI 

. «W? li>- <d*_a (Jl ^>-1 ^9 t- j y?Jl 4P ^JlO 

O Ju^l ^Jl ^ia-l Jsl>- ^^Lp AB Ja>Jl L)j-$o <1)1 ^4-J?L>Ji Jl j^-^l)) ^JoSjCj 

. ^-LJw 3 ol>ji 3 j l |JL>- 0 J^k^p i)j£j (1)1 AOB LjljJi jl (^1 t Lo jJU 

^SJI 3Jl*J| ! j r A o 4JjL>- ^9 (_£ jJ N A.S ^_>J| (1)1 ^9 I^JI j-> lJj*> (L)L| (JLaj j 

. i^l ^Jl cjI jl jl^SU 

> 

^0 t jL^ajJl U_A oLgy ^3 C (Jj3 ce-L^Nl ((i-pj Jj>-l W 3 j-*-> c-9 j 

* + 

> s 

• l j^l t j_pX^J J 

s 3j-i.ll p-Q^jl 

J_3 p- jfr _ yg . i l (1) L JJLij l P-^- ya Jl ^JjP 4y _^- >c - J ^j- 3 $-*-> J- 5 '-*-* 1 } OLS” L»-U^P 

’ ^Juls JpLj AiJj . 0 jJ^Vl <Lol>- o j^j tSaUl ^1 1 — j 
|J_a ^<CLx_JjI ^Jy-cJy L$-Lx-&jj c AL* oJ»j^_y» ^_Lp tPj-s^aJl ^1 jj>-Sf! > : >- Mjl» 

. « S'Lgiil j^Jlc isL_JI (1) jiL Ujup j jSi U tjj»\ ja (caeterus paribus) jyJl 

Opticks, Query 1 JjSlI J^Ldl ;oL^aJI 

p^yril j! (JLoJL>-Ij jL jj-) j-J (JL J^P jl J^>'i/Li 

k — JLy P j-yJ l (1)Lj cfJJ-lS' <oUlp| J ^9 AIj^JLp J^Jl L) jJaj La 1^1 t iy^L>Jl 

- % / > P 
JyL - j dLLuy jJ j . (corpuscles oUj^JL UU^I y0 olwJ- y* 

. A>Jl Ujfc wU-P ^a^/l J ji 1-U_^ t Jl^ 4 ^»Ss>- i^l ^Jl^ 

(( )) (m 3 b 

pll^t;Nl jl JJLa jL^y>eJ 4-jJ^jJl jlSo^l JStZ^J (J I tjb>“ AjI ^ UllSLaL 

* > > , * 

31 l-J ^ ^ '" ? ~ ^^Lp- ^0 La 1^1 l ajj - iC LJ ^-3 (_^4^l 

ijj L p jl ^jj t_ 5 -®“j 1 photons oL j_i j_aJl jl ( _y , l _p-z>\ <■ i Ls j-°^l I4 j& *1, ) • 


a«ri! ol^ aLa«JI - 0 _J^J! ^^3 ^“1 t LjjnJLa j— J a^s*aj! ( ^ ) 

rr ^ ( iw i. V Js t « ji>il J j_,S 3 l jl jJ» g juLll j j^aJI J [V : oUJIll] 


To . 





t f- uLaL>*j 1 t (l — >)j (I) ^3 i Lla j ^ ,1a ^ 1 "l, ^ 
o Aj jJLA jj-* ^y->^-i L<>--_~^>Jl b j- Jb> » b»_Ajbjpb 

. (u_j) ^3 LgJ ^jb) t (I) ^9 A-j^L>«JL» ^jbj ^ *• j-ba.ll (1)} • 4 ^.J aLP 


. 4_^j^L>c_U /^j 0 ^jIS <. ^ JaxJ I ^-wj>xJl ; p^-siaJl ^jA packets S j^x^p 

^ I an c 2 J 4 jjL^wo J-ip- {j* <• Ojj J^j. (in) aIi^UI jj*-> LiJ^i iaS^Aj 

. a J^ ai\ AP jj^t £j jA ^3 Aj^ j^PA AJc5Cj I 

. f - ap j 1 1 Jl>- a^Lwm^s ^o <LoljjJ! 1 ^0 i_xJx^>- ^JbCsiJl Lj^jj 

cLlll^J l) I (I) ^jJ^ol Jl^I J^wb>t^vw3 c ^>Jl ^j-o oU-~~>Jl cJ~a ^IAj Lo-XXPj 

iab-Ji J jJs> ^JlP l^JU IJlSCaj t o jS \Ji <LjSI>- Oji JLs^ AjL/2j>- oU -i w^JI 

. ^>-1 dUJL £j>tjj aJ y>- ^X>rX3 ; aJ- 3 jl (<—■>) . 


. p j «,/? 1 1 ^P ^-> j-o ^>>J_>tJ Lo^AjLjIpL) (l. j)^ (l) j.la.b *X3j 

Lo aj jljJl ojLipL u^j>J l)I ^ybJl I 

M j t ^j-> a^oL>*J| c-sjL> ^a G oj ^ 1 - ■*■ > ■ (. 2GM/C ^_a *— j|^_>tJij . (l) ^3 


I jLyflJ L>l J j ^I_P t P-LL>tjN I 4_> jlj I J_A Lida.*-! J . P J) ^ Jl 4-P J-^ C J i.0 j-^Jl 4 -LiS" 

. 0) radians aj jLi 

O j-Ss— i jI oLi t ^lii * j + Js !l eiJJ^ <. — j j-Sj 

^jUI ^yLp 4_ow^iiJl oj^jt J jjj . Lj jJLj 4-s-^jJLii ioLlJl * ? AV y* ia_>- 0 ij jlj 
t lax^ jJiLo j JiVl ^U>j 1 ^ ioiL>tiJ L« Lpjj 

• j^V' (*>?- csyl t/ 1 


4 J 0 UJI i-jiUJI ^ (■ j-.-^ii f-U>cjl 

jL^wo jj bo >» — . 1 ^3 t Lg-ip LUI ^ill 4.1a. aiSI ^11 o^/l s j -* -> 

V^LiJicj^ 4 - 0 UJ! 4^»wwjJi 4j jiaj 1 ^* 0 - t 4^>^L> 5 JIj p 11 


0 j3 Lgjl ,^Lp Lg_J| V 1 4-^vjJl Ajjiaj t jL yS'Jcj y^> 

t ! JoOfcij . oL^LojJl 4 - o*»jlla ^3 La ^JU <J^L>- L^-Lp c-3 j^J! L*j[j ^4»Jjj_jJ| jlai.ll 

s' } jA ^ ^ 

j_^P Ap^wV-l^-Jl Lo l_3 (.Kp" Lg.^.3 Li jJa_> 4_jo j^jJI tiLU aJuLo^^JI 4 J L« oJ 1 

oli^sj ^3 £- jj?il 4_*_Jl*l jLw«-yo t. — >L~j>o ^ jJL t^j! 4_oL>rJi o^il y~o Lo ji AjJ^Aji S )j 1 

.IV 

^ (. t- } 

y-^ a_3 j t ^j. h/s a il ^j-_3 JjNI jLwswoJl 1 1 - q . 3 uJLl 

L^J^a ^yliil iy>^>\ Lil J . 4-LjLa 0 jS ^*jL>- oL^-ajJi 4 ^jia l_ *^jlS ^-l-iL>“jjl 
null j_^>cJ| 3 J_>eJ ol Ll*-Lp . Ua^M-> t to_^j ^L^ 

. 1 jlSUj geodesics 

. ■'«■' •- " 9 

<Ulj>tl>3 4 -oL>Loj C^lliL^-^ ^5^" L (J^ (j^ ^ Ja j J a j > tJl 

y j > 

4_sa*jJL>^ . (^jwaL>tJl ^jwvajui jJajl) ^jldaj2j Ls d-*^a jj Jl i? jia>JJ 

s ^ - > > 

Jai*- ^ 4^JalJL^Jl jj>Ji# ./? j 3j_?-jJl Ja jJa>- L^-jli t oLJl oLwo- 

o ^_SL j L ojj^p trajectories 4 -jL>ti^Jl c^ljL^w^Jl oUja e^Lo^^>- o| 


^Jl aj ^ia_aJl L^i; .,^> j 4_jjl^Jl J y^li { ji>- j . jJaj t^ Ly g J ijjl j — radians .j-Ll9 ^.c../?. j — = radius (\) 

^3i C AB/OA ^w— »-jJl (1)| . Y * * * * * ^3 L^J > (j^ 1 eJJU 6 ^aL>“ 4_^j jJJj oU_pU *L<eL3 b Aj j-Lj (jl 

Laju^p ^jL«j 4j_j 1 jil tOA — AB C)l5" 1 -^Lj . i a./?. j L>Ij^J'L> ijjl^Jl li.W »t ^ ^J^JLii 

. oUj»-1j 4j^Ja3 i — A val AjjI j 

. (jjj^>JS) L5^ iir^ 2jaj 0^ -^ >_ geodesic (Y) 



jl i — LjiA jU IjJj . 'jj* jLSCojJ! oi ^L oa»J 

null lines is jiai>- 0 jho ji jj&j ^slv?! JajJLj <. o-Lgh iajJap- 

«• 

. oJu*5 ^3 C A-o-> t AAJj-jJl aJL>cJI »-W2Ji ^Jp^ 

. ojL**o cJjLaj ^)l ^)p 0^ t <LjSL>JI OISOj^JI ^ L*aa*j 


Lli 


C 1 


g- j^y3.J 1 A_**JL (jL C ® I ® _J A^Asl^^ll Cam 

* i 

_ JaArJU jLwwo (jli c o I Aj A-^ JAgJl 


oaiA^-o- 


p jj - /3 1 I o w^At-xj aJ I ® ^ 

»> > 

. ^AJj^VI jl— tl) A^AAgJl oAa Ap1^3 v^-ww-j>“ 

^3 L*5j t(cP ') JjAJL A-w^*J ^lij (Jjl^j \1S LDj t ^Sl! j 

** ** ^ *> 

j_aj c l^ljL>cAsAfl t aJ^lL-j ^lS^I y ^sjcJl ^ Aj>cja^j C J frj l.^.w i I ^ ». ' 


. the bending of light <U j^ill 




i j>c Jl ^SL j— ~Jl i j^ dlls i i i ^>eJl bllj Ji j ho La ?t^vkJl £L>tjl (Aj 

s- j^iJI Oh c (_£ jj-1 ojLjtjj . <UJJ^j)l A^iJl (_a. « 0 ? t la .-y a lh t £_Lj 

> << 

. Aa^^SjI oliJl \ 5 V£ L&jlAjLa Ajji^J ^yO L J ^3 jLoJl 

o ^3 cAjjL/? Aj^ aJa^j Ja^>c^>Jl A^JA^J AJi> 

L5 i^>Jl ‘ — <l..^c..) < ^_jLi-AAjT ^15 aA_1_3 c jlLL^jj! j-A Jlj j-^-> A-*_j t ^ ^ ^ ^Lp 
^Ij^I lLLIj A^jilptJJ aj'V^Ljoo a_pLw? j_*_) t ^ ^ N o ^»Lp c *• j o,<c> LI 

jl>-j AiJj . Ijj>- o j-LJj JL<Jlp 'Vj a^jL^JI ‘U^jJI a^a*_j liAL 5” (jJJI La ^ ^ 

AjI j-*Ji ^3 AjLp 0 j-S^-2 t LL^LajJl ^Jp A_illla» t LjJ- 3^ I ^P A^JA^Jl o ^ g ^>. lg *-^a 

. A^jjJl j 

» ^ ^ .* 

. iOL*Jl 4. .......’Jl 1 jJ^hoJ /jjOJl JjbhsJl ^ 1-t^-lj OLS^ 0 ,j-^lj 

^s cjLwpL ^J l tj jhlJ! 4>-ji Cj!jhij>-1 L>l j-/ 3 j^o LSlhs LoJLp ojLjlc-Lij 

AlOh>- ^ l^*«J>-J A^otxll A****jJ! J-LL 01 pj 4jls c 

. t-yjz . Jl O a ~ > ^ > llA P ’ _^o2axJi ^ 01 AjISOiI ^ Oh _l«ls C ‘tJxLjjl 


a* 


Laj bsJJP cl (_^1 L<s (jL< 2 Jij N l/l jli c^lA^^l Jai- cL^ (0 


(^^UJI J-^l ^ c« 

• ^i. 1^5® AVi 


(■ ^Alil AP ^iJl 01 _^*^1 ^3 j 0 A™Jl JlpI ^3 ^. ...>• 
^lp A^>-J c »__3 jAJ1 C 5 ^ A jh- 


(r) 


ror 



j ^ ^ ^3 ^y>- y-<Jl ^>1111 jty >x - i j-* A ^ ^ ^L$LiJl ol 

JLv^l ^Ji 0^3 iJLJj . J^LJodl ^Jl *,/? i Ol J--3 Lr ^l}\ ^la oj^/? j (_£jJl A *_>oJl 

ji ^*,^]all Lg->l5s>s Ol (_$l t A j^->oJl ^jA N Oj A j%->oJI ojj^a 

. o j^iL^o i aL>- cools' I^j I *^jOj>- 

Ol Vl - ^JLi i ^-'-*-*'j-3 4-oL> ^ ,V ^^J-P Oj^j ^ p->*jJl oU^jl ^3 £_9yJLcJl O^UJI Ol 

^LOjLoI 3 y>- yj p_>oJl (_£ jj Ol 3i c <LLs/2-*-a 

2 ^ ^ f 

. ( j~oJLU ^ylS" 5 C-Jj ^5L»-<Jt J-^VLl Ijjfc L _ r J 

^15 j_^S’ <L>jSs- C-J> j ,y To yfcUaJl oJla J^LS ^-yil dJJi o yJ«-bl UJ 

^ 2 0 * 

j^~J>\ ^SLLoJl ^ySLLsJI ^yi cLUj ^ys 4J ASCa -LaJj . T *\ ^ tLr _lU 

J *, ^ > t. 

. oJl^j ^LJjJJ j** VwU'u p-J 03j . J^lJjI-^l c-dJl LajIJJLoj C o ^^-> 1^ dJU ^3 

^J| JU^ojNIj c ySj 4->l^ 0 j^j^I Oj^o O^j t *^"l ^li 

4_>- jj jl^- 3 <. j j^o o^-^Oj 3_>3 0j-^0-> olS’j t jJ>- v yi iJl j C Lo^P ^_J_>- ^3 

Ol j-^-<>«j c_3 ^_^_$sJl C-jIwLaI_0L-4 0 V j ) c— 3 I la -<v il 4_^_j L->- 


^ ^JUI ^1 >* ^Lj\ L^\ d\ -.^yW JsoJi 

o ^_^_i V Oo^aj^p tO JubL^fcJI A p_>xjJl ^aLiJl ^ II 4 _Jlp 

» , 

OjLs^» j- 1 o^-lj • 1*^-* -UJ>- jLS\_>» ^i 

-. tf- ’ " # 

^yill ^LiO l^isjAiL?- <jli t^LOiil IJla (Jj^ ^ ^^OJl 

y > 

^oUiJl PyviJl K^IpxAj^ IaJlLPj . 4jJlJl 3| ^P t l^La 

j^Jlp A A 6jy-^? O *a_aL*JLaJ1 j+3 c ^^LmwqJI Jaj>»JL) ‘A- 1 j* 

. O y* f-y-yaJl jLwa J jia 



oLcLill i\ y>-\ t o ajjj Jl^>-L *>IS J~*_p OJ 13 t(!<i^Ls<a^Jl 

. Aj^Ua..»Jl 

^jLlj ^j-P 0 % )\-P^fLj 4 ^ ^ \ ^ ^»Lp ( j_* J-Oj) ^3 4 tlLI j_3 j-y*. Jl ^li 

cL-ol^j . a^LJI a^SJ-JI 4^*_<>j>cJi^ a^LLJI oJL>- c <jo 1 wLa LjlJ 1 

£ j-s^aJl lOjJ 3 ^-^A) . CJ^>tJl ^jbo 0 j_£o Ol ^a~£' Lo J y>- 4 O^X^Ja-P OjUl^j Cj L*_S jj 

ol ^1 VioJ ^-Jl J^IJIj ^jL^>- jJ U5 c5 i>tl 1 j aJI Jjb 

lj-k U 4 ^LoJL^^ 1 j */3 >- ^£0_Jl 4 JU^OjI j OJjJL«l OJ 2 J V A-»-»-wwjJi AjLS* 4 — 1 i ^->Jl 

. oLJ£3l oJl^j J^lj i 

4P A^-J^l Jjt! . LaLou aOLj^pI SL^jLo AjLS”j t <L*JJ! 0 jIj^/Ij LlL_La ^>*Jl 

• cP^ y^' y > j‘^ >m cy Cy*-?- y* M l jjJIj f-Lottiu 4 _ol*j y^j j-^^j-Ji 

4 Vjte ^Jp ^■ij.P 1 l)L U^SJu <Uy~ t ^jj^J ajj^> cApUl AutL>- ^3 C <Uj d-olSj 

/ • * ■ ‘J* Jd*^ Jo' ^ ^ ^ 3^ 1 oU ^ y yj* y 

' A " 

^Uap-Vl y*~*& t ^j>- oLSj • J-^aJU 4 i*Ul 4 -w^jJI Apis ^5bJl Uj 

A-JlP ^Jb,A/g>tJ ^JDI jlOjLjl IJl& l_fl,./'?J A_wJ ^3 A-O L> ^ ^V £ ii > J$\ 4 0 j jJL<j! 

. A-jJ J^jjl io^iprjl 

. tj J g l vaj>c-Ja t j CjS^J O'? *• ‘^J - 1 4—3 j_*i^vJl Ai^j 

jl ^jLxJI oi5l JugJls c ^aiLJI l3 j-3 'V ^jp*bJw<>JI o ^^3 ol ^~&jj 

. Aj jlp^a jOJ ^Jl ^-IjNl oJU 4 *>\jt3 4 £— L^jI J-Lj A^CwJaJl 

^3 jj.*/ 2 -U oJLaLjoJI ol ^ 5 ^” 4 .tl.La.)l ^L^Jl*J jj!jiy& (J^l ^ WJ L> 4 diJ 3 ol^o 

-* * * s > + 

. aJL> ^3 o^jj>- j^Jl JI 3 ^ j-saJI 4 L 0 L 0 A^p>tJl JioJ ^ ji pU il 

. I jJj>- lLU^ ^ y*~* ol J*-) V olS* oJuJlp 1 ^ jpp ol 

iiifti 

4 «Jlji ^y i>i^sj I <aaJ I k J ^J-P A-a^aaa-w^-J I O^jlj^/l JiAa^ (O”^ 4 A ^sasAJ O^o^I I 

/ * * % > 1- > s ' ' 

. oj j ^ *i.x>.] 1 ooL^pU ^JJ 0 oUl^O p- l ao jl (^yll oJx^O 

t A3 l_>c^a ^3 ^J-P L^jI 4^1^- ^3 ^^^>3 U Aj| 

C-Ull^/I Akil 4 Jb Jj>- ^ 4f-U^Jl ^3 > yjk Jl J-V^j Jut! 

o e-L^vJl ^3 JlIIIj |» ^Jull Or^O 

Too 



" > 

i L^h o^j^>»ji oJLa ^ ji 

<^U?i ji ul tjSfl j 

/ 4 ( ^ ( 

*U& OjU^J t l$IfT tO^JuJ J3 Aj\jjiaj 0} 

<. <WL*Jl ^ t 4^aJbb- fi Jiaj OsSLlwol aJals 

. . . t- y*0 4j jila > pJ tw 

Uj^J p-L-vSlU ol t !a*Sl ^1 p c Ia>- 1^ h— iJ JllA o|j 

_ 4-J (J^l>fcfl ^01 jJfc Lkj| Loj t iXhSl ll^i 

. dj^Ai jy wJ C ^ju> A-u ^9 il) Lo J lIC- t ^L^aJl 4j*~Jj I (jl 

. AjL*Jl dUbJ ^»-l o-j iil^A 1)IS wii j 
^J>- ^JLp J jla.^ JJ.5 Jjb lJj>jj ^Jlj t ^ ^ ^ ^ ^»lp j ^ w c-9^*— 5* 4ixJ (jlS' Jodis 

LoJL>-VI ij j la < ^-9 j jJL*_ol 4 J L^> j_j*j t j-P j->-l lU l pj .U ^j^L>J! 

. Eddington’s problem in probability theory 

O j_^>J-A-0 cl — kSi t w_3 oL»»l— 9 ^—-9 1 jjC 4-*jjl < — J JlIjI JL4_Ls 1 lllj j 

o^-»J->- 1) _^L*-Olj j_S* < — -®0 L*d-> t J_> j! ^J i Jl ^ J-<JJ ^-L°J 

J-fr* • \y^2y Jr>\ ^jUI J^Ip S^iS" jjJi o U^Ipl UjLlj • 1 . 0 ... P ^^L>- ^3 

^iJl OJJLlS^ <l>i_jll!I o k_ ^ a-_oL>iJI JJj jj-j * j -i^ U (_j— ->■ (_$l (_$ jj i_ 3 j— » 

£j jj L5 t l^>a«^g |>l t (ojJ j^>Jl) ^ A»ob>- 1^1*3 jj 

^Jl 1 p-QiLos*- I jP-j-i j j! J~3 c.^»-il ax^Jjj <J «-Ii>- t ^jXa j ^ jLil _La] 

fri^pL *^3 i5^ ol ^J[ ^t-«Jlj iC, C\ D, E <_jj i>ujVl jd I 

l jp- j^ooJl O^LpL L 0U3 JOu |>lj Oilj j t <UJ-i»iJl ^jij 

: JlxJl Ji^Lll ';aJLJ 1 

i ye- t ^Jjk~~o) oly <Lj'^u <JS {j* 5Jj>-Ij VjA j j-5j-A; DjCjBjAoI 

^^3 > — jJ^o D jL (j-L*-; C ol ( _5 j Oj B jl A jSj jj toL-j D J-O . (^^.jt.il ^ m 

^ > - r > ^ 

?^>\j<i iiLJi>Jl Jji D ol jLus-l jA Ui .aJIjJI 

y. io j&j 

u-j^LqU-^-I ^-i-p ‘UUj l j^jt>\jj ^>lJ»>tUwjlj ajjjJLJI 6j 

D (J ^3 JUjl>-I ol v — j1^j>J 1 ill !aJL*^J1 oU_* ol tuu^jl tcJ_jL>“ . a_J£j^_u 

■ V ^ Y 0 4jlJL>tJJ 


Yon 



oL> d)Vi ^^SspLaJl ob t d-> I wb>- N \ oIai^Uj t<Jl>- ajI ^i^Apj 

d)LJj Ij-LLs ^ ) V t JJ_Lw>- L^bP ^j_*3 J-3 Uj> t *}L*_9 t A-<*-^L>- (j^-> AjL*_> 

. d^Jl ju! ^ dJJb* ^Ji jilaal 

^ya yS>xJjj *)j cJj_Lp OL^LwS ^J-£- A-s-L^o A-w-JjJ>cJ Aj>*-Jb AjI (j Li C (JL>xJI ^Slj CS^J 
iliaj>-Vl oaLa j! • L^-JLp 5 j)a + * * d-J^L-Jl dJJLo_> N d-*_>c_Jl ^3 t-Ua^-t 

olwij b U^Lo L^as d)| *>d_o3 c o ^UJI obi aL-j L^>- d)l . EJu j_p * ->L^>j N 

-LdJ^ . J<S>-\ d^-*’'' ^ A33 0->b <«lJ L-JLl yJLi (1)1 AlfCx>-> V J^l J ^jA 

. OjJj>x-* A^^Lw«j>- C-^b ^ ^ ^ ^ ^lp A^L*j ^3 d.** JU>cd*< 1 ^lll Aj j . *,/?»] I obVl do 15" 

o3 ^jL<*J 1 <oL^LwflJl j.a q3j d)l ^3 b> t ^JjJjI LojdS" Jl5 P'Ua^i .I^Lla^ 

JJL>*J| JJ-+0 AjjllLo JJwP Jp*}Lp^l fiJi-A ^Jj^O LJdjJ . (Jj_*_oJl ^j-4 jl j^51 
(J J IfcJj. iiL^I o I^oC ^P 4_o>t-gJwa ^Uap-I Uaji .iJLLA^ . Lgj^Jb^ 

. Aj j>clJl aIj>-I d-3j ^ 1^->LvmJ>- i»_^wvJ>tJ 

l*J a_a^c_^LoJ| d->l^o bJ I Gjdl .illlA ob" JJLLs ^Lp a1*j aJL>- ^3j 

?jdl jj^. oif- tjL^N! ^ £uU! *jdl ^ 5 - d->J (Jj Uc^! (iA4 

diLj ^^tt-JLJl cJl5 L*-lj . (Jj^^ j. ■/? tf 1 1 >‘L5I IJl* j J-ii) j^jc^ Ja^j ^p 

t L^_Jj>- pJL) IJla 0^5 t Lgj Ja.-.P’XJ l_^>- 

I .Xfe *\, \ Y Al'jJJ . ^jA 'jAJ (_£ jJl Jxyl jJl Ojl J^~ ijliS' l_»yj 

p ^ p p 

c ^->Ul Ij-A jU C Aj j a,/J a 1 1 oU>-j^dl (Jl y&\ A-_**jJLj . A^3 t j-oUl 

C5^ 0» -b*J Aj-s^aiJ ^-vwO-A^Ji Ao^l>- J Jj>- p-Lp^I (^Lj (J j-aJ1 V J 

.JjUI^ILL^- 

* f 9 

. aJIj <ij[jiy*~S (jlAJ>- l1o^>-1 a^_)Lk1w<j Aj j^fiu ^>jl>tJ ^y> S^jJbx-o a5jJI cJlU jl5J j 

(1)U c aGj ^j-a A^wwjJl A^oii! ^j| w— > d)b" c- j^Ja » C)l iGl^oL d) 1 ^pjj 

* *1 -o* 

0 ji! I {Jp^ J->* jt-b j^Jj . aJLp A3 Jj Jblo pj I^JJ^ 

jjlj3 dU iJj . j-*JI *, <a ) l L^p aLaJ jJl 


A%‘ 


pl^>-l t aJwJ-JO j o^jdi» jLaJ k j^ I (1)1 cLa^jI j 



Bending in the atmosphere 



» 6 JilP i f \£- t ■ ^ T 

. aJ Jjip ^LIJ 


. ^ L^_>Ls IASIaj <. <j\z ojjJl t o?yZ~ j-* tl^P i_y^ “-^L^ ■'bill 

X / ^ ^ 

jJL-^2.4 L^jJ od ^Jl 3 t <ULj~l)I o>L>*^<>Jij L^jli L r ^Jl oi 

^jA <L > ^ bjL^>lj j^2.j <uli l <*J i\j>z}\ ^ c4JLS.aJI ol> j^Ji <x-J>V ^ jj 

. O jUalTill i>-bJl jjb 


2 j " p o 

j!A>- jaj c jLxp'yi dUi radioastronomers CSy^\ J\ dJdil £L1 p Aid Si j 
^Idii l J j Jjz3 4 I J^SS^J £ * _ N * (_£ wL« ^lp ^JL <Up- J l tJlMb 0>L >- yfi ^Ibixld 

9 s' 

J2->- j _--P ^ vw-(>wJL J l JJj-a dbd/? LoJ_lP C 3 C 279 1 jljl^_^Jl aL>sJ>l ^3 J— ^?LpxJ| 

^Jfcs^ L iw-«J ^3 ^P-l jiji (_5^i jljl ids Cf'^° ^ * ^“t^LJL/S 

• 3 C 373 


((j£^-dbl jJl (JLi>- J— <*Ji) <jJj_jbl ^Jl jAdjjJl [ j^l— s-5 ddl_5* ^XJLi-3 4 I *_*->■ Ij 


cJlS* ^dl did ^ Sib ^IS'1 radiointerferometry 
** <» 

p. > / ^ p ^ 

aLjbJjl Ojb 4 C-oLS” JJLl j . 1Aj>- i— >jL>dJl aJLfc £ld>-l oLi IJJ j 

. AjLJI ^^3 I JL=>-I j *JLj i^>dJ Uai>- ^j-o. d 4 SiL*Jl 4 ill Ajj\sl\ i >*>- jA 4 Uai-JL 



( jLaJI ijx ^ -v UJI CsLluj_*JI Juut-i >LlLJI ^t) ^jjLaJI Juj-xJI 

Gravitational tensing 

V ^ * * y 

, o 1 t ^3 ^ I t 4-Ot-w*^*! 4_*><w\»P y ^ V I Lj^j 

jJlJ> AB y-o 4^>-jL>tJl ‘Lx-JjVl jl . ^..^SLJ 1 <1jjA j>- A^JlS JaJaL>x_^ Lj jj »j 

. AB J ^4jLiL>J|)) oj j^ll y> (^5-iJlj i A^B* ja ytSL j-Lsa* y» c->pL>- IgjlSj 

** „. * 

. jL>JL>fc*a jUr ]a+* ^AY* J-SwJl ^3 LaI jj yd I LLLdj l o J_j J_P ^Jy I 

. j*jLa y>-lj v j Jj>t^ CjL y*> jl iy~jL>dl yo o j*Aa ^ jJa,^ O’L oL^P ^JLaj 

. ^w^LL4 oj j. s*3_) *j .,/? ll L*_Jd ^y.?*- (J'jLi*- ya ^ <L*j2^fl_>cJi ^1_*^_>-'}\J lj cl) j-SL l«JLj 

' ^ « 

.refraction y> La yj*Jl L^ jU t ^iaJUj 

jl c t Lx^^_> c L^d y-Ld! **— *’ *■«-*■*■■> jl 4 _u^L>cJlJ y^o-j jlL LjJj 

^3 t 0 yj (Jjl t y<Jl 1L-A j-ol ~LaJ ?0»L>jJ-P l £ ^3 o j-ALiaJl ZS.J »*_A3i yj* 4j>- 1 y 

L — cy Ji d\s yii jJtj ty^jj y-i jj> J-i yA j^iJl oLJ*>C 

! ^ UV ^Lp ^3 JjlJj C ‘UlAlJJ Loj^dJlS" 

<_)■•» i>? tjjlj 5 J-liJl <J ^isl (_S-Ulj) ^^UJl <-i-.4?.Sl J J 

JjLli t LiUiJ <P_l^Sj . LoL>dl jyi>~ yl; yp o j j-*3» yj^Svj L;15L1 t ( JjjL wL^JI 
Jb ^a^ l ‘W^ y ol ^jl^ - ^-LJl j! oyLl yJI o LL j>tJ1 ^Jza^j 0-^3 

. oL*Jj*Jl j»La! 1 y L^L>rJl Lil ^>L1 y 

t pL <LU l yp c-j 2-L^JJ t ^Jujl ^|jL>ti*>»l ^^jjj 

jl <. LJJ^ ya j^-p jJl t L^LxJl LgJl j-J LJ ySL-j y^Jj t Lgjo j j ySL>j N o^L 

^^3 t ^y>-l Oj-^ t P'L ^-^wJl o^LoJl ^jpJ). c — 9 ^ j -» L Jl . 4_j o^Lo-ll J^L^2 jl ^ jy*/Z l!I 

. ^liii J-v^jJI 

(JL>_A^/I (_5^ 9 ■*-)! ojjL o^_^>3 jl t oj^Lj jLw^l ^3 t Jl3 j 

^^Ljj jLSol ouL5" jLJ . J_ij IgJ Ij-aL- ^-L-LJl jj4 ^ ->■ jV t jL^jJlj 

t O^X-fij LJJ^ J-*J La^jJUjJ La ^S*J b pJo t J5j-S-P 4_«_> jl ^J| 4j jL_> j-g -tl -aj ^J-P 

. Ly>- 4^uij yb |t-J LoJLLp 


yjil j . jL^SlA I t j^-oj jl ^_L L* t ^ ja li u^»> t ( \ ) 

p-LJ t c fr j « a 1 1 jl L« c l-^J-p ^j»lp ^_>-y^Jl 

ur* • A • ty j 




Ojill oLu t jjjLj (JlJo-jj i)\£ j 

> • * * "i * ' 

t d^>l jiS' ^ljUI <U_>L^d C oJ_>- ^i«P ^ 1 .-A-fiJ . Lo jAj 

jG-> ai j . ( o ^J. ./? a Si jiijl) ja«>- LgiLiaSl l-tal 1 oljljl jS3l j ^ L yi o 

^jjL*JL<j| is> jjaj5- ( j_p 0-L-*J ^j-SLjj t “L*jLoj <Lj j_P jLSlsl igj ^LP U^jljT J^yj! 

■ UJ* 

.AjtJl ^ y*j2 j-* 3 i^j 3 l A 1 \s A C ^ ‘W H \ ^ V A ^Lp t oL>ti ^j->o3_} 

jj i \ J»Lp l ^ tP ^~p t j 0>J-J ijli !JlSL*J . Jl la«<IJ ^yjl ^yJ^L>xjl 


d~£jl>cj 


'^oj ^_ r ~U cluster nebulae j»juJ| jJLp j££J 1LJUJI lal^ai; oJlS lil 

. Jl^Jl J ^ CJ L— Up IAjI_UpL> ^|^*J J»JuJl UjJ-J JL^Xp-1 

a < i M -v 1 1 ^Luj j£ J Jt ‘ it uuSl 

gravitational <LjSI>JJ 4_o.xp ^ylp JlL« J j\ jj_£j o' j-SCo-, o'Xo)! 1 jlS’ 

. o* jtJ^ Jli ^ dense 

^j>3 < — j j~ij t oJj>cjL<iJl lLLL ^3 jJl cLLLjJI 

>-l . ijjJjjl 4-*^»L>d ^ll!l Jl?** 1 ^*0 iyt JJ 1 ^3 v^iJusJt jtJlP 

n* 


j-Lslj 



(1)15 JLili c LgP jJ ^4 «LHp (Jjl dAJu oJLS” LoJ j t ( j- r »_JaLP "b/upj o jUI <j'}\pb<l iJ_* 

. j jipUl s-'i/jP 4 p (_£ jjl ^-jdl (J j-i ^JalL jjklLt!l 

«-liJLj I_iJj t jiiJl L*j-~~aJj <Ui> jXAaM I'i—JjJl® ak* Jw-^Lij JpJj l)I J-Jj 

,jj j-kJL jj-Ssj pJ L^jLJLxS’I Jl (^Sl (_j JJI ( J_~-~Jl dJJi . L$p-ijL> ^.Lp jjbL 

!^b ^ja I 4 J ‘Li.jL/ij oLalajtLo b Lp^jCU Lb j-to jib jJj t 1 pjLM 

i t- > t 

J y>- ji-^l y*->y* 'J* t t <u~iJ ^Jij L^ljj L^S* t <WajJl ol Jjklj 

i] jL^ > li> C-oJ->xlJ ,>J> Lo jjwP c ^j_j (j jJLlI ^JJj ij i ^3 t 

t wL/5 J-* j-*j 1 J-3 jJ 3jU ^li . ( * 1 , \ £ jiiul) cLLL Jj ^^ 3 t <Jj VI 

.jj>*, ^pS L) f-i ol>l ^ 3 ! I ^o~Ub <-d ^3 ^J^L*Ji ^yi 

. Ju JlpOI 

^ tc-JjJi dUS t JJ>-JLj radioastronomy ^jjo! ^J i 4 LL 2 JI ^JLp j15 

I ^A i ^, ) I 1 I j ^ Ip.* j 1 C i-\i^’ 

43-Xj ; f-Lo^vJl ^3 4 j^_oI j^l./ 2 -o. ll ^ 3 ! j>j L^Aj ' I jAjJU l)Ij t 4_> ^_oljJl j3L^.^>_U 

(. d? 3 C 273 ^ 3 U-jaj>tLj a_iLs t J 4 LJI J^iJl ^ LJb 

oJUJj>tj (^1 fl<L [JJ^ ^y° J I lJufc ^ c_3 iUL^^j 

> __ _ ■> 
wLj>x>- \ -,fp t — jbijbl c 1 1 JbJ-3 . L j ' n 

iJLa jl5 J Jai iiJj . quasi-stellar radio sources 4 ^ jJl j^LaJL o'jb 

j^l Si ^ja ^iSdJ lju?- <LL> j. .b 4 olj^o j^jIp cJ j.,r?>bl <Jbb>- 

. d-w 4 J! dJJ^ jjcJl pJL; Lb*) 4j 

Lk^J! J^u~4 ^£ jaj2 j jJ. - rt 4 ^jp C— >1-J! J -*42 H ' 2 j-*JL!| 4k_*kP 

Jij t *U^ — JaJ i (Jl^>-b( 1 j^yS t 0 J_l Jp jOLa4 ^J, .,1?^....oJ 1 -Lp JJ jjj j*-2 J-»Jj 

•Ll /y4 jbL) Jy^ q-aJ a S - t (_ 5 jj-l *W 2 -P-iJ ^yJl 

Lo-LS lla.pjl 


jib LJlSj . Lap _^jbi j}\ ^yi Jip jJ (_jjJl 4jb j J. - , /? ll jp 
. J^-»l )__3 yAlJl 4_kiP Ojk 

c-2^y-*-kl Jy P -. *? ■ - ' 1 ^yil Lgl - /? 4 t J j i l a 4 . 1 i * — >li y-k I ^LJlj PyJLsi J»5 j) 

f ✓ > .4 

^s^vi’Lia 3^“^ ^ j- A > ^ i 1 j^a ^ j^L>Jlj k^*pJl <. T _ lljL4 j,-^L 

# •" ** ^ 

. (^J-^2_ijJl I-La ^Jd£jL>» ^^3 t VLPI ^J^2j>c_) L^«v3 OwLA Uk>- wLdj) Lp- j 


n\ 



. d-LL) J jJ * — ^Li j^>J l I JLa VI a*j ia3 £_Lj ( j>u/5 ! "I, \ £ JSLiJl 


lj JwPL^o v 9 U J&J t *L-~Jl ^3 Aj^-oI ^J i j^L.s/ 3. -o.il ^_9 1 ^_oJ 43 X ^XSl J*j-L>cXj 

. L) j-s^2j L^J-P L_9 ^*xJl ^ip °JJ , -^ J 


t>? t/ v'j^' '■ L r‘'^jy.J ‘Ajl yj i-iSjrk^ I >? £“ 

j»Jj l C-> J^J a-bJ^- jS- t-b>-!j (J^i>- |» ^ l.«.*J Ij^ojJL (1)1 ( _X P ' 1 ^ ^VY 

( j^oj>o jli oLS 1 (_jJJl (. J^-3 jJ £-jL«j - 8^Jj>»uflJl Oj^aJI ^ A *LgJ| ^yA Jjj^jjJl ( j£L*Zj 

* * ^ " * 

ojLxpLj t p-gJ *^d k ^ >3 ^ 0-9 jJl ^ ^x>- L^-J], j»-j ^xil 

nr 


{. «* X» * 

y* jNl cLUlj cJLS'j . LiL^I I j^i >tXa xJLs Jw^ ^Jj I^jX^j 

. *LaX-*Jl ^Lp J^L*Jl X-^Xp La 1 O^L^wJl yg.-oJl 4L-*La 

^j-olj jJLva^o j_p L_i-JL£JL ^US t ^ ^\vr ^Lp t^ull jjJLS" ^ 

oL>t-^L<>Jl oJLiJJ ijjj-; 3, \ o JuSCjlII iajj . O 958 +56 ^3 ji\ ^L? p! 

5L&Jpa jX^SL^J I 1J-A d)\5"^ . XjX»>- (^^-Olj jX V2-/0 {JH ^>“^1 ^ 4_X 

** * •- 

. *LoL>*Jl *L->-L a^Xp 1 l^LLL! ^3 jj^ 

x ~ ** «* ✓ 

a j yj2-i £3^oJl ^aLJL> 4 jX-ya^oJl ^Jlp [S j ,/3 "* ^ ^ ^-*_l]l ^3 4-JLJl o jJaj>sJl C-LlL j 

' ' 9 p 

(NRAO) ^ t>>xi r * * c^Lr^ tlr 4 1 <jP' 

** ~ 1 \ * m „ ' “ ' ~ 

. ^J*\S jjj' 3jULL>j dUXj ^li XjLl j 4 4_*_SL j_a ^ i oX_>cJLaJl XXLN ^J| ^3 4 lILL {ji j_^3 

jJl ojj-s^ (0*1, ^ 3 ^ {£ jJj 4 ^alSj^j <lJlP ^£p ^jjl La *\j \ *\ \^jjjj 

jNI |iJ^j ^xJl ^-^>Jl ^q Palomar Sky Survey « jLa jJL ^L^JI ^—^La)) o ^LS 
cX-^ia J j-L? 11 oXj&j . Ajjlj L)^ASs-X*J ^j«la>c j jtJUca J tO 957 +561 OjLlPl 

£-£1 J^a 3X-J>xj j 4 *L^v«Jl ^J_a IXj>- 4_s^2_j ^_P <L4.,L?Xa ^_ia_Xj LgX V 4 IXj>- 

Cjj>«-aJl ^A> A^s-Xj! lX_A ^3 LXjLL La jZS\j . ^j-^x« *\s>- ^jS* L^Pj),lfl.x>i XjJj pLw*J>-'yi 

. NGC 3079 pij oj>«J iwu ^ jLJI 

J-l3 J_a 4 \ j»Lp CX-La-P J jL>- 4 ^ 1 J^SLxJl 4 (l ) J 

Jgj .la ?- j -$ Ll (jxJl j 4 NRAO ^j-9 ^aX-3 Y* * * ^-Lp 4 4i-L»j3j j_» j 

^^3 4 O 958 +58 jX .ya-aJl L)Lj . A-flJaJwoJl X-LLj ^3 ijj^ol jJI olJa .« 

NGC ^ J ^ ^JlP jX_v 2 -aJ *. — 1 ^jjJLlI 4 <U 2 ^i>uJl 

* 4 C 55 19 ^ij JI 3 L+f ti+d 3 ' jJl jX-s^Jl U-& ^ j4-®J xij .3079 

^J-x3 4_U-p tl)lS" ^JJ\ L>3 4 ^ ^A3 ^LJl ^j-P 1 *ws3 oX_a txi— j LS* X- 4 I 3 4 <JL>- <jI j 

?(l)LajJl XX^J <iU3 

^■-3 ^_a . 4 C ^ ^_)3l^-Jl jX_^a2-a»Jl 3^->- ^_J Ld^Lp 4 ^ ^V3 ^Lp 4 yJ L)LS" 

oL? jJj . I 1 oX^j 4 'yL^i ^iiiJL j^j ^LS 4 O 958 +58 Jjj-* y>- jX-s^Jl 

q& ^jP' l_j13 y Xd 0^ y» ^JaJL oX>«J <jl5' Nj ")} 4 oXj>«J ^Jl3 L 4^-A3 

X ^ 

! oX-^-wa 433 L^ 2 » tjJJj o-.l5 xil j . 4 C ^ jX.x/ 3^,11 

x» p tf ^ 

ji^l .., /? o . S i ^^Lpj 4 L,/g ;1 ^^jX * > Ja . Jl up jIp x| jt-j 


Y^r 





O 958 +56 >0 <Jl jLlJl y *\ J\ jJ-aJ i y ySS Jjl <515 : 1 j o JS5JI 
. JSLtJl l~U y yS\ ^iUl ^_Jl ^j— j J5^>- j? 


! (j; ji'i/l jJ Lya-oJ l ( _ s ip j^jSjjiP J»-tPj k _A«.5Vl jJ-A»Jl { _ J ip J yS- y * r jy^\ 

k jJUL J -tyy>- y* ,j-ft j5 oT (j-f J5 015 . ^yLx-iJl k_s^_>cJJ 

J_j> jJ ^ “WV ^»Lp t dJJi ( _ 5 1 p 0Laix« i NRAO ^ <_£ jj! j 

OJUi 4 jL5^/Lj . *>L0u>c-o 

Jjjj.il jJl j^Jl ^ c J; jijJl aJLv 2 jOI y* ^ y^\ 5i!i jL 1-b Sis 

. J ^ ~^> - “ i_jJjO Jl*j 5 jAj i —^‘ j9 i-jtj ^ V y* I j>o jlS" i ( jjj5jjj aliapl (_g.UI 

JJsJj • jj£j jtl^j ^Sj'' k k_Ui ya ^-P^Jl k y£lj 

iv > y y <■ _yuJl X , \ y's uliO ^ t j-51 SjLju jl Jjj^-jI5j (jiJlj jy 

'* > 

LoJLxp j iO 957 +561 ^t-ij c~>5 jj_j2-»Jl o-«-)j ■ ( _ s xtjJl 5 -Lj o-5 

i_S^L? k 4jUJl5 L^J&jJUj-j J5li 1 ( 1 , W JSLiJl jJall) jjjjJ-va-oJl i_sLtl lj-ii~l 

! yiy 4 JIS ^_«»>Jl i^Lt ljii>-l I I jit *t-j.i 

^3 1 jj^t-L> IjJlS - J_aj <. I jiiap^j p-g-jt Oj-^-tl 4-43-L»JI oilpl j5^Jj 

oU^Alij k iajUa^o k_sLtljj t jj-S/l (jj A^-ljJl yy y (j—ll k^'i/l y-y>~ 








> 






no 


o JjLJl ^vlaj>tJ Aj J+A . Jl ^ j~* ( - £l£w' jLa^Jb 0 j J-S<? 1 ^ 957 +561 ,j£ y ^\ ^Jl j-Lm2-*JI (I) ^3 y ’. ^ "1 

O 957 +561 yA 1*1 j . (i) ^JJI <cjta ^J»pj LK ^ij^jj j .j Oj-^j-^3 ^0 y* \*y>r <Sjr* (*— *) bl .NGC 3079 

<u!p I j^y* O 958 +56 ^jj^i ^il y* • NGC 3079 o ^**-*Jl <J y>- L^>-jl ^joI^JI }jjs>~ .bjlas- j . (&) — j j-s-* 

<jl Ja^-'V . (x) o^Ajo 4-Jlp 1 j^tyA c aJsl^-V (jjJJl 4 C 55.19 j-Wa-« Ji 4 -~* ^*^-*-* 

. NGC 0« : *) Lo <iL— oJI la-^j ^Jij UjJj>tJ! j Jua^ J U ctAjlj Jjj^^>- 



. jji L)l_jJ "1 £-b-i o j— i—A ujj-sAAx OLij j ) ■ /? ,1 1 CJ-jlb J . ) , t o~L>jj ^ r »^-'^U 

oli^l Uu jus'll) iliU>l bUjl >\l ^IkSj .)W fU ^ cjbl UDS jlS 
ulo i JUlS ^J[ s-b- JUl jLojIj (_jlj ^SUaII I jiN -Lib i Ji jlL*cA jj-T (jt jli>~\Sj ■j+Jl 

. (Jl v — >li jA ^i-P j 5-1 

01 ^JLSOaU 01 o j a ./? 5 ©jL*50 ^ ^-OLi ?iJLla | OLo-J ^-> *-L>~ L^j 

<c^_oJ OlQj o j-^50l i *31 ^5 JUJl o-> 15 LOJ j . *w^L5 ^<01 ljm> oJj>-Ij 4_LJ o-~o 

015 <0 ! Ouij I * 2iL 4 Jl— U i o Ju& 00>-J^ JOLta c ^JJ 

s- ^ ^ w s- ** * 

a^-\j\ S \^,jsz . j ^aXja ^ j^j^ys oO-iji oiji jij_$oi ( j-p u y*~> 
d^oLSj . ^ ^<01 OiJjJ <lLJJI <0i-L> ^/ 2 ^2J>rJ 01 ^i-P Ob-J^j J . 

^l!Ij L^j aj5jL*JI ^jLxJI OOk-jlj oIjj^L0w« oj-51 . 4*JULo A -^\ ^_*JI Jl ^->-1 

^-Lp ^Jo ^Aj ^^L>c_> C^-w>cj 4jI j-kJl ^jA 1Jj>- ^_>0l 4_jL0jJi ^Jb JlJ j . ^_4>u jlS" j 

* * e- f- 

gravitational i*jjL»Jl j_p Iu-a-U 5— .jlp I jUaLS jls ^JLi <. J jNl 5JU jU <.^Jnai)I 

. lense 

c j>-\ ^Sds UlAj Jap 4_jL liJjNI {jJ* (_}j) bl>Jj _J-*J 1 ^iJlj ^SJlIj 

015 J . L^2j^j ^ oljljl ^Ijji ^ 1 c5^1 C-T^J *— 1 

IXp jj-Jj ^Jlj JL* l^JJi-pj . O 957 +561 *\ y>\ OJJ^ 

y& 015 OUi 0V t l$j|» . '^-5U 4 jU>-1 aUsu 

IiLwai T o ^_3wL> <u| ! Ol-A ji\ OU5j ^Jlj ^Li ^3 jjb lJ^»j . (_£ 

L^4jL 0^+° ^1 ^ t Ia>* 00o*>tj Ok-* ( ^ -wfl 

c jjJ! o-La ^ i (_r~^J -bj • lUo-l j IjV jj ^jLJl j-i ^i-U — j (_r^j L)li t olj! jl _^S3l 
oljlj! jSDl j! j.) 01 (_/*^lj i_5^" LL o 1 jjA-^cJl /^j ji> 

l^Lalo-l JJ! ^ol J-*J t l-^jb ^1 j-oaJI Ls-lj^l tiLLoJ 

*ds 4jLaj ^3J JaLs i Ia>- oljl jljb JlijjJl (jl ' sLioL/ 1 OJlS"1 01 Jluj j 

c 4 J 4— f^L>rJ! Sub ^-^luiio ojliil <Jpl—*o L*-Ujo t IjiSL&j . u>-l^ si jL 1 jl 

- <« 

. ((UDj ^ L/l _ ja1 ca>*jj ja) t L™p-)> ; ^jL>-1 


^ jpg'll U^Lal <J^J • ! £j Jl ( ^ ) 

m 










i j^o 1 AJLLs c i^_^L>J! Jj_> 5j j-^ J l c^Laxj ( J^zjl>j 

?a>IjJI 3 _^>-j L* c ^51!' j . ^j-jdjLwa tB ^^3 K-tfljJU) 

£i ,^*j>- L c j_A LJ JjtjJl il)l uP Ap ^> 3 Aj^PkJi cJ^ AXJ 

. L^P O^Px-oJl Ax-J .^LJA p! j^J>cJi <P-lj^/l tl)l £jL~Jl ^[^2a\\ ^3 Ulj ASj L * ? V^*\ ^lI-J 

0 ,J>t^<jJi ;T"^)L>- I* A_*_’ Ap-lj ll)^ LllSlw C 0*^5 6JL*j2. J l_A' ijjl* O jjli l _yl £- taU^pl j 

, <C_^J \ * ^il £-L«J 4jJ j~- h -A 0>-i j i I S ^ 

j! ^^Ip t B t A jijl ^5sJ I j t \ , £ £-LJ ^ ap-IJ^ ' i*-s cuta Axis IaSLaj 
jj^_JI o^*px-<>Ji jl I^-Aj t Llp Lo jXj <c-~+*i j jJ-) \ £ oL^a ^Ip 

. JaJLs UwP lo ^s^2jl ajAvJI V - j A a*^u ^>1 c yt&j « ; ^sl 

lap- ^jp ^Ul3 Ax^j L$jI ^Pj ^ jljl t_5^i j-^ 2 -^ ^i-P £-0 ® ^>e-oJl oIa (jj^ IaJj 

o ^>x» t cJlxJl £-S(j ^5 i O j^o As L^-jI ^3 I j-^A ^L^Ip-I Ia& jLI AxJ j . LgJ ^A>l~oJl Lj J*X* 

* s . '* * > > . ' 0 

. j^aUI Ia^J Iai^ ojj^?j| y yi^J ^ jJajJl J^SCIaJI LJgj^jj . lensing galaxy ^Ap 
ji^xxp ca>“1ap"! As aj^j^I ^Ji j A../? 1 a«JwJ ^ s^Ixj d)| jt-j 

* Jj<Jl 


• lT 1 ' 




JujL* uU^ L^Aj_j2_iJ! ' A 

t O 957 +561 A, B ^JLAAJI 

. ^y^L>Ji ^jAJI lJ^ 4 JlOcju ^JJlj 



4_o^jS wL^JLrj i. 1! ( J-sAj iJl ^ — * _^< AA j t 4jg^.., ll l 4jL-^«dl — «■! j^OxJl iJiA- 4 tji ( ^ ) 

. JUl (_$Ail j 


TAA 



^ L J^SwJl ijy ^\ ^Ji <uiJl j \ ^ >j 

^aUsl* .iil-LA <1)1 Vl . iijLwo £il ^oJl eJuk ^3 4 j^oI jJl ^j£> j-^Uii I jJ^jj . B j A 
^ ll>o Ljli 4^U?VI j-klk-oJl oU^ . oj ^v* 2 j .J-*^ j,lks N JlSwJI ^3 

. <uol*Jl o ia-^5" ^ ^ ^ jp-*J^ • Cluster ^ jjc^S OJL 

.0 957 +561 jljl^SJl f- L> j-lsJ LJa^Ja >tJ Lo-^j T,T % Llj^jj 

J^ 3 i^rdjC-wa (J*)L>- t ^9jVl ^J-P -b^l jJl L^wLaLJL> B j A j^».y?Jl 01 Jaj>-V 
U l ^ A».A> tJI ^1 p ijLwJLt B Vj A V 4 JU !j5Laj . ^Jlv^VI jJwa^l ^a 

a^ajjz^gJ L^>cJl I 015 t p-£" ^i-p ^ 3 yr*~* L^-^-LS" 0| 

.oJ_*LL<JI jJ-JaJJ relative brightness ^JfcjjJl 01 

La j-Aj c L^j3>IjJ L J^U L 0^0 £_j^j B Oj j^ll ^jA l S\ ^A C *>\jL* tA flj j y3 lli 



Very HjOsJl jpU ^liajJlw ^IS ^ L^Jojaxil jJ>j tO 957 +561 jijl j^Jl) bj^olj ’. ^ ^ 

Lg_>L) oLiLlajwfl B j A oU j ,^-ia ,.) j . cu>l yjL^wLL~*< *1 c barge Array 

^Jioj (j>^ ^ ^>*-01 ji . A JoJ jjj cE J D j C ^ l$ _/^~^ ^ ^^xj! 

.^>waJl 3 aJl 3^>vJl U^j 1 declination Oj^l 


1 ^ • ^ -0 jb—Ol f-l I Jai^ L, y^- jl 'yUw i b t Oj^l a*Jl O ) 




Iim.HL' A 




Sou re 


Galaxy causing 
he ndi ng of I i g h t rays 



. O 95 1 +561 A., B 


ya i oiJS j jjl *,h S' y* ys I yS yj Jwp^lj A o UG-'bl 1 <jL 

yo~}")l I J^l^o (1)1 US .B OJJ Oj-^J UU S 1 jJ-sAxJl 

oJla G t o j-<JI j isL5*-*>GJl ^£jljJl £>» Gi->i ^L*w»xJ! 

. a^a^j y o 1 dw^ 4 JGSI 

a-o^GUJ a-o^Jjp oolS oi^ t ^iJ yyy^ j*3 t GGj ol L*/2->ti iJLiA y^^j 

* (. * *■ 

sz > a y3»j\ y* O^G-> oL>_^ d^->lS o| _ji t oi y Up <d ^ J^^Jl oO^S 


IGa iUj-xjj . io>- cJt$C*£ij vULis>l U-^J o ^5 \j o> * $ }[,*/? 1 0 VxJiJ 1 _j cdl^ Oj^ y° 

. L*S (J-o-*j j-*j iJjlajJl ^>-llSl { jOs^Aj_ 

> . ' ■* > »f-B 

djL^Lb>tjl j O’LpLfljjl ci-LLxw aiSCJj c htf L>«_a lIIAx^w N b)l ( j r & 

Ljjb ! j o , LpUjj'j/i d)| . J ^-bl 0 aza&\ c-^v -> c <xa j_i CUaJU.^ 

^j^Jl oljL-wo oM t Ajb OJj-ll ^ i_rO O^J tB j A 

r 

^JajjJ j& ( 3 jXLw £ j ) - <j ll (j^ LoJj . A^jii J ^iaJLi 0 *«~J j../i\\ 

oL^iLij-tj^/lj c^jLpLaJjNI OU IjJj . <ub ojjJI ^ B j A ^ jj bJla i 4 iL-w<Ji 

. oli jl B j A ^9 i_i 

oLlij bs (3?^ L is~* 3 3*"^^ J_y> t JjU*tj IbU UiJj 

~ f tf . i f " * 

j! JLlJI jli 1 1 jjsJij . 1 ^Lo_wJt tj*>\i>- l j r a iB j A j jJgJ\ ^ 


YV ♦ 



iA o j j 1 1 ^3 X*lp jA a.X>- Ij y*£> AS^j <J jisl j_a B oj j.g\\ JJl jLw»Jl 

. o_b>-l J 41 ~ * *Aju iB ^3 A _) ,3^*j C^LJlSiJI ^O^-g-ti jj^Sj < 3^_v~U 

O 957 +561 jij! jiUJ IwL^S" J-lJ l _X oU j^all c-Jl5 JJl) j 

"* * •* 

C Lo 4X*~Jl £jjj 4X^ Ljw«j I 4j jiklil ^oLxJl ^3 ^L>j * <l)Nl A^»-wuL>- ^JP 

4-jl ^j- 4 L^i — ilXA (j! i y°J • 

« I ^*~ L ^3 1 |^ « »u ^ j » X . /^Lx> 1 1 

^y^UjxJl ^jJ-iJi ^1 p 4-ljulS” C->Xj>-j ^^lil t jj-J? Si (j-' 0 J^l 0^3 i jL^aly-N bj 

. (jLojJi ^yi ^.xixJl ^Ip »^-3 jX> L>J p-U>-Ul ^>bbJi> o j-ax* j-X^oJ 


Gravitational lensing <LujL2dl CaUuo£ (ja lijua 

». aXLS'o JLi All J ll^uJl JL^VIj lO 957 +561 Jjl yCJl Xui^l C+l\ JjU 

L^wLp ^j-a iX->^-<Ji ^jS' /^jwXs^l j3 1 3 j ^->- ^ .s Si c a*o3Lj>s_LJ ‘L ^xp ^j-p 

^ip c oj >X >*j 0 1 £L*-L*JI ^3 jIj L^J ^Ja^xU t oLa»Jl*JI o Ja ^3 '^aLj b)l J--3j . 4 ^j3L>JJ 

. A-^vXU <LoL*Jl I <\j j^2j ^»L*>I 

. JlLLt J j! y+** ^J->* ^_Ip t '-X^3 t I *Xj>- o 4 -^wXp ? X ^ I j-frlzjj 

4»LxS\Jl j5 j^°j -Xs^i ^Jl u ** 0 ^j-^l j ^ 5 -^-p ^^5 I j j. .g/a a Lx& cLLL^Jj 

Xjij ^3 t j J_>e~<ijl ^Jl jJ «J2 -<kJl 7^0 A_X*JX^<Jl V I oli t ilb-Jl oJlA ^3 J . 

_bj ^^L p ^_4j L^K j t C31 aI>iJ*AS ^IxpN I Ul jJ^j o 1 t 

•* f. > 

C 4JuS0l l 4 ^jLJX3 oj j^Ojj i L*^i^ ^^X>o c_3 j-sJj . <^ij ^5^P J*Xy2^»Jl 

1—3 j~Aj IJ^Taj . J->"I > J ^p^- 4 oLaL^JT/I J jja ( _X P X (_X (J w + i ^j 

_» >> ^ ^ ^ ^ ^ 

g_j Ju -uJU- {j* LjI^J'V b-LP Ju^?l Jt 

, ^ > * ) 
<jlL>- (_£ jj (1)1 jXj V Loli I J-S^Aj . ^IxSl ^Ulxxii l-X* ^ c 5-**^ ; ^ ^ i^- 9 

(l) *\jT ^ ^3 jjj . L^Jj 4 jiJl>iJI ^ I jj>cX> ^ <LJ3 ij y*p ^ ^liJxo I 

. j y+& iS^Ji 

a „ 4 O y > i»*d > 

l ^ Z. W? J ^jXJlj t ^iUJl ( j-uJ-iJl ^2 j>X) ^xll A>jL^J| A_oLwv^j>JI CX>L ^JajJl j-j j 

> * a * f. & ^ >* 

. j j_yaU Ij I^JlP t O^txJl ^3 l ^ (1)1 bJ L l 4^>0 ■ tf X— ^0L3 j3l_s^2p3 

IxSl^j . O 957 +561 jljl iSL>“ ^3 ^ y bo-5j c Xj>-Ij L^is* j j-vail oX^ 


TV ^ 



Source 


(j j&L> 4-JulxJLLtl 4_aJ_>- (l) ^3 (j $jJ \ *\,T ^ 
aAx5\JI \+&\ jj! L* ^J-^ljJi jj>*-*Jl (ly^ - J J.. /a ^. 1 

ilL>«-^ L$_*_Lp (J jCCjj . a— oL*Jl oj ^_5vJl 

4 JUJI ^3 j jya liala.>^ ^ jj lliLi (<^>) ^3 \J»I . <L-»JlxJJ 

Lfr^JL~»j 4J. iJL&J .5 <L^i A jrJ t <L«L*J| 
. C j B j A j t i_^3l jJLs<a^j! j.a 11 

Uli 4 |jL>- *CaL» AiJlili ejj.ya.li id-jiS" ISli 1 4Jl>*Ji oJu& 

tf , " , 

* 0^ j j--^ ^ i 



YVT 


Observer 


Jii iiJLiJl 0*^ J-^l ilr? <j rJj J-+ 3 lSj-* Ais 

^ Jjjti-lJt jJuJl! ^JLSl oNL?- (_$ jJ tills i JUJI ^ilj • lJ-?- aiaLj LgJl 

■ i Syj i_r^ i/t ‘ 

^SUJl oLi> ^ 1 ,YYj *t,Y Y j-^jJl b^j 

4-bol*Jl o 1 _ j Jlp ■— Sj-*i!l j»Jo jvJj i^jjl l _^- e ' l5 1 jj-^ cIjYAj l _ # J- e ' 

<Cs5l«-^ S^Uul I jj>- ^xslj oJJ ®^sLojJi 1 Jl»JL*Jl ^SsJ_j (_jl ^ 

^ i _ r /2iVl Jjjl^Jl JUaiJN! ( U-jj . HU- Ji" ^ l$iliSj lens galaxy ^jl*JI S^J 

. iJUl Y,A Li'Aili iJUJl ^yj j 


ol !l_» ^ylxj As j • ^ oJL>-l^ 0 JJ~J0 (_5jJ N jl oNL>Jl ,_yi ^Apxjj 

jj ■ a . ll Lolj t iaii oJus-l j oj_^u5 ^ J % JZj i jl j-<Jl y>u j.A./?.o.ll ^ja ^lojt *j./}]\ ^ikru> 



A ^ Jy * ^ ^ vlilL 1^ L-oi- ui , y 2016 +112 kyj>\ J\ j-wJl yi*l li! : \rr JSLlil 
t V, T V ^Ji y>- ^jA «-\ y^~ i>-ljl Ob A~»i Aj j^a. j jJ>U<a-« ^A B j A1 J b j+0. J| JpUkJl j . C j B j 
Jj t C I JL>- <Lj ^3 ^A j t JjJjo C 1 ej _^s<aJl Jj j . '/T * _j B 1>«A ^S”! ^ L*lj 

A1 j^Lvi^Jlj . £ ^jA jJL± l_«j B ^jA C-^jl yb C +C jJ-sA^Jlj . Aj^sAjJ 6 (1) 

ilr? V - J 1 ^ ^r*“ > ’ i lj^ 8 ^ bja \ . J^L ^ b/1 jtjlj^JL aj^p Aj I L^J B1 j 

L^Ji5 ^-^.aj j] Vi t A^jial^Jl e-i^J -^ryj . ^-JliJl 6jjt>\]? l y& aJ jj~~a j j£j Jj j tJ^ljJi 


rvr 





* > ) > > . * * > } 
oj j j ^oJi oJL?-l jJl oj j-s^J'i (1 ) ^-S\j *X3 La*XLP'_^ . Ij^- <CLaL (J <L3 LJ I 

. f- ^^ 2 } 1 «.«, w > aj^L^pI 

LL L^j 1 0 d j j*s* a~oL*J 1 aAiSsJI ol ^JJL>jl> ^>-1 cJLkJL?*-! <u *-> j 

> • > * * * * * 
iUip <ulku <j$jJl £jJl ^ cdark matter iwcJl sSLJl ^ ibU IbS j I cUJ ip 

.(gUl J^aiJI ’J^\) 0^1 

AjI 4 j oj^S'wLoJl 4_ijJaJL» 5 JJ> *✓?.! 1 ^_oL>cJi ^*»J_ill 

j' ^ ^LJ I *X3^ ^ o^j^SLJl wL^_l 1 d-> L ^ »S* ^ t L^2_) i / ^.,«-<<^>x^l 1 t^) I 

. Ju^l jJlj 4 A^wbJl j 4 jJ-s^JJ ^JC^JI 1 jl il ^^JlP hLlpi Ij^S" 

c jJjL>“jjI ^-JL) L_oL>- a^_l*J t ^3 Lp j y*/3 a 4 LS*L>t» I Y £ Lj^jj 

. (1 j)"\,Y £ ^j-SLlJl ^3 LaI jJ Aj jia_3 4_iL»^aj A^-jL>- Sj j «/3 J J 4 iilix <oLa ^j_a ^A J 

*.-<•>> ** - / > 2~ 

p-J 4 ^£” ^j-P LJ_*Jo1 Lo_LS” 4 A_iL>sJl 0 JwA ^3 4 | J*^S A—a-L*Jl t^lL^-a Ji J 

a^>-L>-j 4-4»j^p ^ISj) jL^m-SL^ I L& j*s* SjLJI * j} aJs 1 1 L*>Jj I ^^>5 -Xjj . oUL>Jl 

4-LL*j c-i j-^*» L» L « y? 1L ^L>Jl jLi 4 1 j»a j c j 

'* > 

■ '^‘T'S J? ‘^T 1 

LaJJi-P 4 .la. ^9 ! j^A ^3 4 ^^LLsIJjI ilJj>- (j <^ jLS" ^ (1)1 JL-ikJl L)j^ 

t i " i * * * f y J> 

4_aL>Ji \J,y>Z Jl jiiUxJl J'^Axi-l ji . Ijj>- I j&[^La JL/jI ^J l _ j-L^oJ! c_a-^>l y O 

■ Cr ^ 1 ut’JJr-*’ J! 


rv^ 




o (w>) ■ j L ^jL^e iiLsx^o (I) ; *\ ? Y i 

. (I) ^y> 


TVo 


olaJb»-j ^1 ji\ 

•* p. > J 

LjJ ^ jj a 1 U I C— j I ^ X ^ ) I 

N Jj l*ibb ^Vj_Sd^ t ^J>rjJl IJU^ .^J-P J ^ j2j 0^ 0| VL*J^_>- jA>T1J 4-^L^JLJoI 

. jl./g",>-L> 1 ^>xjjIj ^5 ya^Ss . L o ^St 

j^ t ^Vi ^JL*Jl O jJaJi j-^-ljl cJcjLjJJ LJL-Iji l «« la p! JlaJ 

✓ 6 t- ^ 

. 4_*_b li dJ U- L c JLmj L) C*> I A-s_P jj (j^ ^ | t A_*_*» ^Lo A^*aj jJ A^Sj lIj L -~S y 

'^' c AJb O ^_iJ! iH-i IL o U- ll 1 ^3 t j3 4 -wJj oLs-^5* jJ 3 ^r*-j jL*^> ^j-Sb!j 

j\^x> j . ^- >tj i m $^ r W^* ^jo aji ’j t <XaLp^_» ^ 

jJJwJ ^"JJ ^j- 0 ^jlpl -LLli t Ll>Ij I ^ol c ^ *\AV _ \ ^A*\ S ^13 ^ t JLsll^Ji ^3 

y& J ^-Sbo ^y XJl J A-pL<*->-^ t A_»_^_j ^-a V I o-L>«JLo»jl d->L>V ^Jl y* ot^-~*^ ^-£>1-3^ 

Lf* j-^l us - ^ j-Lp c o jj) > d- , lSLoj l Oj t j-~j-Lo»j <■ J-5 

. j-^LoJi 


Abell cluster TV ♦ _ Jjf :> yes* J± (i)t,Y o JiLlJl y&j ^jJl J* yA\ ^ hj 

> f > m * > f 

4 — CU/3 J c j3 O^J tj J-* <SCo-wo Jj^ooj . A-ww*» J_3 A^jlj T ^ aJ ji» ^Ljj L 370 

. Uaj«Jlj l^JLa ^~Lo y&j t A^JaUwa oj • A-ww»»^3 A_o lj ^ 0 o ^23 
43U^JI /^sJ La A3^>\-«Jl ^IJu>x^Lj . * jVT i L^>! wL^“ j-3 C il j+J>t}\ AJL>-ljl C— ^-^3 Jij 

a^^w-^ ^xj lj_?»x-> Up ^*< ^_aJl wL*-> ^-Lo ol ^j>-^Ij t (V ^J>,*/g , a! 1 jJaji) aI 
J- oli t dUi ^ LJ| ^ ji\ AJli 3 jlS” UJj . Lo j-viJl { y ^ Jl ^ 

. 4j 2 yu V 

t 0 Ju JLp AjiLj>t^ d-»l iU-UJl (> li ^ yjyi}\ Ula ji./34 (J jiL oL-P to J 

t ojli jJLSj . Jj>- ^5vJ |J L^iSvJ j . ajLLi>*_x> a-JL^3 a^SLLs oLJl^-p : ^aJSxJL^o 

* * * 6 > 

^3 Ljjj-jji^ L^b Lwk ^ jJ V Lj] . 0 j-^-® ^ i^ilia^J! ajL^-j ^3 

^ ^ j * * 

t * 5 V Y 1 e-l LgiL^lj! 0 j^b«J «j ^ms ji . *\, Y 0 

. Ol I ~y> ^“L^l J >i yAiP 

- > - OJ j-^5 jl 1 <LJj>Oj ol j-o j»Lal l Lasj La l^i IaI jJ l _ J Jl o j j-aJL ^ l j^ j *U-il _j-*J 

- (_yS 1 ,J» jaJJ J^j\ O Vl LJ Jjijj . iMa-L*JI JtAj>- ^-fAi jiiJl JJLp t 

OJL >-j Jjj . Jjj^LsxJl ( j^Jl*JI iioL^/jj AJQ^Jtwa J l j J . o ll oAa J-La O j-^Aj tTV • 




.Cl 2244 *Jl ^ TV. _ J-jI ^ 0) • l^ 0 JSLiJl 


l^j c rr a * j Jj i <ur _ jj jt. c Isl* ^ *gi3» j£jJi U>l. 3jL> 

. 5jj j-jaJL iilXA b _^0 iiT ^9 U> jL j/JLJl 

J1 Jw^2_ojl j3 C...4> j La Jj^i . 4_JLoU>- A-JoLl^JoI 4JlL>tJ Jit* ^3 4 I c 

Very Large « ^ISol jpli «UaJl» i_jli_^« J3 ^ tMG 1131 +0456 Jl <j jJl 

j_» j»l*Jl .3,Y3 J^baJl j^Ll ^Jl jjJj>JI <cp o^aa <, Array 

j. «. *S2J> { 4 w ^ aJ jJLil <^jLL)I Y,Y 4^j>c->- ,*_Lo ^ ^5 C A_$Cw^w^> <jjL^Z-o *UiJl>- 

* •> ** * 

cC J B j A2 j A1 ^^A ^>-1 AjojI j^Lu 2^3 .llllAj . 4-wJj-flJl 4-uLJl ^ l 

• J*-'a Gr? ^y>«4 4Jbs. 

(JZ j ->- 1 0 ^ (Jy J*~Lv2-o J l ^3 <L>I A-lL l-Lg-S* *^LSkLl* ij| 

£L>Jl*J| /»15 wLflJ j . L^-LP 4-A j^a a j j^u 2 L*_;lj C l$Jb ^A ^j-^-J ol^J La (jL 

•w9 ^-*-J V LLi *J>jj . Ajb j-U<2_*Jl 3 J_oJ ^j-w^ ^IA>3 4 j^> ^L>iJLij ^ cJ_gJ ^-o-> ! 

t ^O^ojI 5 ^^Lp 0 Ll^l J-wofij i o jj ( ^J^/?Lll]l ob c L-P jJ^JI Jl*j 

. 03 J j) -«^2- l I ^a (_£~La A^>-L>*j ^ Ip ^JJl^ 


i> 

Superluminal motion 5J jjal\ 3 j* ¥ 

. (p j ^ ^.,i ?l l <w^ d-LL I ) (^3 5^ ^>LL! LjI^XaLwj ^1 oN I 3 


YVV 


04 55 51.0 

50.5 

50.0 

e 49.5 
o 

| 49.0 

Tj 

a> 

Q 48.5 


48.0 
47.5 

47.0 

llh 31min 56.55 56.45 56.35 56.25 

Right ascension 

^ j}\ jU_v 2 _^JU t j 3 (J j la 1 1 l_ia 5 

. ‘Cjql. c 2c.jT <aJl?xJ t htG 1131 +0456 



very-long-baseline interferometry J jiaJl 2JJL SJlpIS <_sS JU~ju U-uLiJ ^ \j 

i]Ljk till Uj JLaJj . IJLa ^3 4_Jj lls^iaj jlj (3-^ t (VLBI) 
^ ^ > , 

4 JjJllJl <Lv? j-flJl ^Jl 1)^/1 LuLslj <■ ^ j-siJl (3 j-® ^ y>^\ o-LgJ 

i j-A i c ^ ^ * cr“ C-^ 1 i^I lP>" 

. 0^3 JJ jj ^p! 4 j^\j t ^ ^Lp t 


j-S” jLoLjlpi 4 -oj^XP ^jA 4 I J-ft» 

^ i o jJi t y£\ ci) Lj j£S\ y v o s<23 iiL^o .l-j 

blj ■ Lv ^ ^p 1)Ij^i*j j^l 1)1 1)^1 J1>*J • I (^9 4 »vLp Li-A ULp 

Sjy 4_j| 4 \ i^_3 y*n 4 L^J Ls/Xdj 1 1)13 4 Jl lj ^jllJ 1® 

. 4^U1>JI yA 


. jljl j-$JJ <jil j-<Jl ]aL>i^Jl U 3-^d ^jY A JfCUl <j[ . j ^ jc ] I Lj&j 

i>f ur^ £f-> J^-* 


YVA 






t Ap t^Ol jiaiJi jjp i B j A oil j jlJ ! , Y V J5001 


. . aOp Up ^ j^p g * -^ oA^l ^Jl 


oO_A A^*>0-a 4 ja-^o A_ 3 0«*^a ^_Lp o il-oliT lj>|j • o j-SO 

t o (VLBI) JU-Jl* {j?* L*-**-^ I iS j* ^ LOli ^ Oi-jj j^L^2_oJI 

, * > 

l»jo OjJJs-p c *\ ? Y V ^^3 aJLj ^S <0 I 4^*>wL*Jl jllp tJL>«_ll ^_a L^-S'^ 

J_*JLo Lo JJ^P J . ji »/? oJl ^j-a 4_-_^bwfl iiLwwwfl ^i-p ^W?JJ 4 ^a»U-*j J~r* J’TT^^ ^-Lp (J ^-*yc2j>xJl 
. L^j >1 uij U4J l */?.g.j 1 ap^**> ^ 10 Is t ^p Jj>“I^J| QLygjaJl 

1-Lg-j *lp ^»* 0J L*JL> I j^SL) 01 ^.Lp 4 -^*A-*-U ^oLo-j ^.Lp © 1 ^->t-^Jl Li L**w*«J 1 i}juj 

j-v? c3^-® subluminal a-Q^ Jl c — >«-j 4-p ^-~J l Jw*_>t_> 01 O— j t ^jta-^—K-^Ol 

5j^-v 2-!1 il tU-ajl oJJli <L»Ju*Jl o^-SOiJj . superluminal 

^Q'j) -1^ H aJI>cJ1 ^Lp kO ^* jJI j 1*a^-&j c <u-*jJoOL> LaI ^ 0l 

> > j 

LoJw*j t *0^ L>eJi 0 wLa ^Lp j^-^-*-Jl ^0 jJijl 10 _a OjlpLs^j L<k-S* . ^jj Jl-^1 ^JJ 

Lj 1>^[j • I- 43 -Ap*- ^^Jl Ij^O Ll^j» 0 j>&liaJl oJ-A a~oL*JI Lo Lp jj ^^gL>Jl ^OS j-<Jl 

** O __ S <* 

^ j^gj ^j~uJ*x Jl Ol^ t jLlP^/l L*l >3 jl-*-^-ll 

a_?j^3 ^Jj>tj i— 3 j . LfljL^n oljwO^lJ ^jJl beaming a_*_ 0 ^ 1 (J0>ijl Oj j jOj 

ol^>c->5 3 jj>-j jl ti^O'yi (JL^<j| ^Lp o^j>L_oJI ^p t i-iL^^iwAj'V 1 oLxljjJl 

oJ-A JJL* 3J-P wL^J Nj .(!L>-AJ^>-I 015 01) yr *.«<? 1 1 ^-A ^1 t <Ls^J JLxjz A-^^lp 



A 



> tf ^ 

J oULtf ?-Nl oLs 1 1 jJlvo» To ^jJip <■ co^Jl ^ ijiL^Jl 

* ■* x 

. L« ^jj A^t 1 -La 

4 1411 Cilx^o^SU 1 x 1 jj 

Jl^Jj . ^SLLaJl £j-L>t-j jlS ^ill a--J>L>x_*JI oL*-a ^ ill ^iJUu oNl ^o y> !-i^aj 

Jl3j . La jls^a ^^-^LptJI 0 yS*J oi ( /j5Lou l*-A*S J C 03 ^JlJLoJl j^L*/2-<J! LlJLsU 

4-LU^ ^cJJJLd t J^-a 4 -LaLS" AS'y^J^a J^^L>xJl Ji o^_JLj (1)1 Lyj-J 1 

(J'^L>- ^j-a ^Ui (J ^_i?l 4^>t> J Ij-Aj • ^A—>Jl ^3 £Uaj>*l 

-LLP C-jl ^LJl o -L a i — -J L-%*J>- i^-^j>tj l)1 ^_Lp u*> J— -J aJ|^j . 4-A OjL^JLP 

• L*J ^~a j ~~-A j 

c c 4 -£j>- 1 ^ v -i. • »L 5 ^JI 1 -La ^3 ^ol>- ^>“1 Juu *J LlSJ j 

f m *• * ' 

^hajAj j£\ y jJalJJ ^^laH cL->o | ^*J Lo^-j '■^oLiil J^aJI ^ t ^ y*-\ oVL>-a ^ 

. £-*mj^o Jl j_j£Jl ^yAj VI t LjiS’ l_~?-IpV| {j* ’kjy^S-S 


TA' 



(V) 




. ^0 Ul^ -LjL> LaLljj 

Uv : objUJl] 

. ( ^txJl ^JJt c jl i 

j_^>-V I t/3,6 li 4 ^_LwwO j*S* j_Aj 4 £ . t * a pJtp 4 cpl^^Jl ^ 'j^\ ~L5 La 

jJ* ^.JaP ( jij>- ^«l <_5^J 4 0^^-Vlj 4 *jU*J| Aj^>*P^>U j^CII 4 — aj>-IpI® 4jIx£ ^jA 

! AjI.> jjJ>Ul j-> J-&J V 1 4 A-^Uli ^^Uc^Jl Ij-A ^3 UjLviji 4Jl3^P U» ^t-lipl 

^a 4 o Jb»-lj ay>c-Aji *LJi ji 4jj c <JJl 4 — ibS^ i?U»-l jl5 ^-05” 4 4 JJI 4 ^lajli 

0 ^!xJl ^ _^aj V 1 4 4^-j^l>«JI ^JUJI a»J| y* ^ 4 La jL>«p! jL^I 

4j llPxJ pJ Loj AjllS^ ^3 pL>- ^£jJl 4 JJI jlpx~**3 . C^LaI^xjV 1 ^*±>- ^3 4j^kJL*%^»Jl 

* ***s***^* 

«W>waJl 4 .3 1 ^OJl JjL>- 4 j*-sSL>J! jr? 0L«jil (j-f ^ ^ 'jJ^S' <OjjI w\_*j Vl 

! 6 jjLJl] ^ • • *L0 LoJ Vl ‘Wip ^4_^*^ O V j yJl ^ C^k-JI 

^ . 3 . [ *\ 0 : jl ^p Jl] 4 . . aIJI Jju* J5 ^ j t [ \ 0 0 

4 COsmos o^SJl y^liLo ^ ^ t ^-Sfl IJla ^ 4 ^JaJ j-~J 

' <« ^ ** .» ^_“ ^ 

^ 4 universe jiJL*Jij . j-^-^Jl LJIj 4 universe j*JL*Jl OL-^ j -* ci^'j 

^A <j jj>tpVfl <l)l3 lj5Uj . <x.*.+\a ] 1 ^3 ^jJj l)I j<W2^J 4 4 jL 

j-A Laj S 4 ^ jJt ^Jl P-L>- ‘wi^S* • OLa^J'j ^ 4 j>JL*Jl (J y>- JJ-^-J l>3 

Aj\ ^J-Aj ^4-! <jl^-J ^jA A^Jj jlS* 01 4 L^Jl OIjIj 0 


jJ-j3 aJJI 4 — > 4j «-L>- *jA I l-L^J 4 L^I^LJ ^»LS j! 4 <U-w^o_JLJ| <j» jJil-O I j L/^jVl AjL^j L«lj (^) 

= N l *wL«o N L4 <jJJ ji <I 5 " ajL^j Litj . ^jj O jA^\ ^ t j^»xJI jO-Ol ai-j! p-j 4 Li^j ^JLp 





Cr? J* JlT 1 J cs^- 

t 1 d~L*-£ Ji ( _ 5 *j t <uiL*Jj oNjLajJI oAaj 

j jJjVI y£jij jJ i wi-jJ LjJU>-jJ i^_ij_dJl > ~. 1 ./? i ~ jJj . *>L>o UVI 

jvJ JL<Jl 5 l (Jh^ a - :> J d—iLS' LoJL^a>-j ■ |V ^ 7^J jL»^) l _ s -Lf' 1 jJ_v 2 j_ij 

* S t ^ # S >> 

Jl3 C-jlil j->Jl oJlA L/2JO jl ^3 iwJj J ^j5dj • L$-L>t^o <L_*>>ILo Cjlii 

. j~£> ^C,j^3 g ^3J 

^JlP ‘U^O JjI— J l LL^aII oJlA ij-UUl, jl t j»jJl t £Ld*xJl (JjO^cJj 

/>^50Jl ^Lx_ju>jI ^S0^_j jJ ^^->- t j ^oUj c oJ-a>LJLoJI jpOs^Jl 

. l^K oN oJla J y>- jjJu cosmology 0 ^SOl ^ 01 . Alls' 

A_^aJj>- ^JlP ®*0 a /» 4 4 ) 1 oNjUx^J J.lg-lj 01 V I ^0 Oj-^0 JO j 

. Ax^jJjjJl ^>0 1 


£j*dSV I Cilaiixus U 

I Ju^Jl ^ <u>_> JJaJl CjOIiSOI o Jj>-I j ^a j t <0 J Li>> jJl® J 

jli oi 0 ^Sdl ^sSO pJ Ujjp) oJ jJl dlli ^ (.existence {{ *y>r j ]) ^yt illi* l^-i ^-1 
aJJ ^_S0 ^J j .non - existence {{ *y>rj ^Jlp » ilL-A 015“ V j ^ t(iiO 
^ ^_> c__OsS" . ^J-**-**** 0 “^ - 10 -a * 0 ^ 

4j>-^ ^1p ^0-*^ Ul 0 1 3 ^1 i ^Jl^aaOLi dii* Ljljj 01 ajSI^j ^ jJl lj ^ 

?JLSt)l 

Jb- 3 ) Vedic times aj ji-L-Ol ^3 tljjUl Ji *. — 00 

. (* jOi (0^ ^ ^00-P (Jljj N Aj A<lL»»i t ^ ^ 0 • * 

a _)^_>- 1 ^^-0^ j ^9“*-^ ^ OLS* t OL o^aNI d-jlil 0| 

' > > ^ 

AjJJ^Jl A./g-aJl CjIs! jj>Ji . l« Ja>- ^Jl d)L— jN! (J j ./j 9 e-L>i>jN 

. LgJL>- ^ ii jjw toJjAp 4 jibj^o jlSo! ( _ylf- njUlj^Jl# Aj j j^la^S / 1 

jl t #lJJL«_ftljJ|)! .,r j : J j .jLSoVl ciiij t j-* 1 .,<a «-j V,Yj V, ^ j ^ ia.jj 


^uT aJI® t — — [AO I ^tA—JLi Vl ^ T . T j I Uj^> = 

.J-.A .(^ , ^ < ( , ^) tYi, 

^ . i . \ -l— ii t 8 i— J ijlJuiJI ( ^ ) 


Y AY 





O I JuCJu 0^* Lq_Lj i 4 -j y>- Jj 4.1S” O 1 o t 4*j^SCSl 4 -i fg ... li 

> ^JlC- '—‘ 2 x 1 j_yA J t Xjjl oLs>l>cjL t Jli' 4 j>uj! ^j-o-y j ^ o 4 y> 4 -y J-P j £ ^ ~ l l$-ll.S 

L>_J 4ii_b>- S^laJj V, Y JSLiJl ^yll ’jy. L> i_jj— Jj . tgixs^i ^ iy^' 4^-W 


(IjvJLrJI o j^T_Ji® L^j! ■ (j-* j4>-T lyt L iJ y-\ V,V ^J-SwJ! Uj^jj 

p, «• s , > J 

£l^>-i JSs 4 JS" (jjlljO O^SiSl t i3L* J-i5wiV I 

*» > > 

• ^ • (3 ^ ^ * * ^Jl c 4^U-USwil 43 1 jZ>- (J j£->j • o^v>wJ! 

I ,*0j\ 4j 1 *^j *J . . . 4jL^iaJ 4 Jl3j ?*-\ J>>! 'ij M l j>*-> ^ J ( J^° J ^j-So 

, ' ^ ^ " «» 

. . (jLSLa ^3 t JLp jl C £--Lu3 {jA <U*j ( jSo jt-Jj • • • c-Lo— — J I \j N 

cJlSj . l^xlJJw oL>-~w<Jl 4>ojauJl at~>iJl o y> ^S> l C^J j i 4 la ....1* j\l C-ulS 

4j3_Jl5 jL^S/ 1 Jljjl J t Ia_3 c-L>&j ,*J <L^3k->i j J--P 0*>C jb jjJl 0 j->*-^ 

<Uj jJa-LoJl ^3 4.5 ^j>JLS l 4 JJJ 3 ^jA j£\ 4-ojj«<J>> 3 0^-SiU 'jjk Qa-* ^ bjj 


o— . 


J j jj 4_jojL ^J_«3 Lp ^jIj jj J-*J c JSi-Ls L i-». 

( _s-^ a -*-’ i(y ,i jJ^s^Jl) AjJ.S' jli Jj^~ iji y 4j^iaj i Lj jJL 



. jUjJlj jlSLJI ^ jJuJI Ji.. f ; ^Jl i^iUJi^L-Nl jJUJI s^J- :v,r JSLlJl 

> K > I 

. iL3>«JL j 


T Ai 



. a i i j[ >^ji Jcaj Lo-Sj) t _ J j ajis a_>-ji 

J*l~J UJ j . ^jJ>yLa^,J\ jlj_«Jl J>-!i jlSLo ^ I JL Vj . (JjVl 

counter - Earth (toSULjl ^lJV!)) jl j»J JJ 4 ajJ j-Jl jUI <_$ J V J j JJL lJI 
Lo-SJ iAjIj C-JjJl J t ( J>jVl *» j- 5- dV->- t JjjJl J^- t lu_^l ( yt> l_g_J^Li 

?ISI aSl b ^ II ^LjVl ^ jj V liUJ j ! j jJfrL~u j j^ShijCoJl Jt j .V, £ JSLxJl ^J j g b^ 
;_J j^-Vl A_^_>iJl ^3 I j_iU ilj j_Jl jl J ^JjJLi A_> JaJl t j_P <j j_*j|_L«J! ^ . Lp ijj 

LaJbP- JlA>J ^3 C.-.- ■ -S ’ I Aj ^ la-Sl .'JJj • oJ^wiaJI ^£>jVl oJLocJl A^jJl (.^j'Vl 

Ij-L>u Jj t Aj jJT j^JI jUI aj>-Ijj IJ ^£>jXaj ( _ J ^jl A^j>Jl ( jl JjjJ j^ja_JJcu~^a i _ao 

lioLL-a LjJ Vj IjU V 


SjusiLh^JI JjLijlJ L^—b ^JLol ^iJl o JL_«JI c->VL>Jl (_£JLj cjlJL&Jl jiJ.i jU j 

f t , , s " 

oL^Xlil JLaj j*-*i V >.1. ■.?- i A-^Jl*JI aJL JaJl ^3 >i 3 jJJ.3 J$Ll -LaJj . Lo AjJLj JlJL^V 

. Aj J jJI ^j -X aLLa jl Jj ^><J Cblo I jj.3 A.,,b>tAJl 

A_>- j LaJ_Lp t aUVI Jl Sj^J o jJaj- i IT ' ^ ^l_P j J i j JJ| oJLaLL» ( * ■ Jtt j»- JjjJ j 

jJ i_jlijJl jl5 . c-lo—Jl Jl JajJD (LjJJLi) LliJ (V,o JSLjJl) JJLp _JJIp 

®J_joJ|® Jh^lj jl Ji-P v 'Li ^oJl ojjj OJl>- Jii j t JaJi 3 Jj jLi Jb L_<..t.^5Ti 

- * " 
i Jlj t cli-lj jl J-^ 2 ^ ^ L5^~^ ^ ^ ^ 

ij_>- bw?l j-JlJLp * ;li (1)15 JLtfJ J . o ^ Lwiw^J I l — 51 j 

* l^Jl ^v2_sl I Ool5 JJjJ j . Jj Jl>- *A^P jJ ^o-j j c Jl>J 1 



^Jij!) 4-*j1cl L a *Uj lajJ \ ’. V, i 

• d)5 j~*\ j^p t ( LidJ 




^ X 2 

t craters on the moon j-oJJl J-iL; < JUJI ^ilj y t Lg-Ls - 

l_£j (J-i <■ o^aJLi 4_*J jJOd 1 L$ jkkJl jLojIj C 4 — ^Ji-Jlj 

. Ls^jI 

LoJTj loJuLJI ‘Uw^Ji 0^ ol^" Lg->V cLgj j-y • (Jj-ajj 

jj3_>«jI ji t ^Jt j-^-j . 0wb-L>Jl JUJI aJp 

4 j jSJ C^UJaJ j I 4 — J y^ LgJ ^-Ip t (V,A ^JUJJl) t 4^^x>-jJl ^dJlj c ^la +m ^.Ip 


^J.5” d)^-* ^Uip'VI <l)Ls ^JjL<JL>^ . ^.UJl ^U-> 0 i»lJLp I^jLs t ^j_*j*aJLJI ^JUJl 


/^jjJl ^Ls^aj y- IjjjjI y t oJjL>< t (Jl^j *)1 j tOul5 jl&Vf t y \*Sj 4 4«jjJj^Jl 

4 Js~-\ j ^Ui) y 4 A^jLJL i o J l j ALaLiJ! aS j>S\ <j|® • azIII dAta ( y (J^>»Jt ^Jiil y (j~— Ij ■ j 

^Lp t-H->LjT ^A 4 A-J J-S” ^Si>S ^iJl 0_L?“l jJi ^-_il jJlJlj 4 yS L«J Aka L« 4 (1) j^Jl ^3 L« 

(jA^" <y <_£ j ^U 3 •*— O^* - (JlS . jjJlisJl A-Ji-Xr-j J j j5Ul oJj>- j 

j-Aj lk**il>- j~£2 - Jl dlJl i—.-La. k jS j^lS\ £>-jl . j^JaJ <_£ j-> jJ-A j -ja . J l £>-jli 

4 ( _^aaj M j vl~P *>\j 4 4^_w-bxJl a-Lpj (j-f ij^’" <_5* c5^r’^ <S^ 

. A«^C>J1 y J z' JiA Jylp- AjjL>- a +SL>tJ> 14 !^ LgJ J Jj 4 l^ka 1 L J^ 1 y 1 

^Jj 4 jl ^jP \y>-\& LjU>- j*/ a.il ^J-ak 4 6j^»J! k«j S^oJlj 4 6^^Jl A*j o^53l ^lilU 

4 j *J! ^_3 y>Jl jl^ c tl)T jji}\ ( y ij j5Cl| jl « — j\zS — fl^Uak'V Ij 4 JLa^JIj (jLkj>»Ji 6 ^ 4 -J 

YA1 


(0 



4JI s > Jl :V,1 J5LJI 

j *. i J U j t* ll ^-L— Jj . ^-J-JLJ 1 

\,rr tijjJi »1 vj ‘ t,"\ 

. \ i x 0 LS" t j" i I 


Jl5LjiJI) ^ J j^»- jjAJ jL»-sl A^_ijl oLJLxSl e^-L* J_5 Jj->- jjJ-j 

.(V,<\ 

Oj jj (_£*aJ! Lg_l_SL»i (_y^i ojjw^ ojjJa_i jjlLs Ijl^Laj 

j <CisU>- oJjJlP j15jI OjL^-iS Jj j . «-JaJl Oj^L> L 4 t iJuXe- 

lo ^iflj */3 > <■ 4.1a,«^^LoJl ol jJs2^>cJl o-Lft> J . LJ o I 

. ^Jl 0_b*Jl 


u^> 


a_*_L jl t j-o-flJl \j^~ ^J~^J ^i . Y 0 Y t 0 ^ t Y Ja tij 

a 4 • J ■ • ‘■(^ i i_s* 


YAV 



JJ aJlj jl>- o j i V,V JiLiJl 

t l ^ 4 * S*l JL9 J t ^o-Jl J^-Lp 

aJlsI ‘'-J Li i ^.JlJLp C o J jl 

. (NASA ja 



j^xJI £lfc &U 3 jlai 

y* oU i~o^A <LLL^» tJ^AL y« j j £. Jl jAL j ^ g 1 1 jl Lj y^AJ 

1 ~ g ' ■ j Jj>-Ijj t V, \ \ j V, ^ ♦ y_LSLiJl ol ykAxJl oJl A j g la~j . SJulyLa ( JjLj 

*■ > ' ** - «" * * * << 

La S^oA^wJl ^IjlpV! ^ JiJj . aJuSCU y~^lj t linear size JykAJl y& 

✓ ^ ^ *■ f / 

j-oIjLa-JI y-P 0 yJ*P- s >*s 0 1 -3 y^-o-i C <Ls y A A li l g -a * 9 y-4 Njy jl 

. iJ ja-LJI magnitudes 

t ' * • lydiSj t y « jLS 1 £ * * ^Jlj L * Z./9i o L pJiAj LL t ^yyN L £lJjjlj 

^la_3 1 — d.,./a..*) ^ # ^0 I ^Ja3 < fl-s^aJ U»l . 0 j-^-* 

■•> V* • • • • H ^y?^! l^j c^jSfl 

4_L~« jIa oL t 1 yLJl L y L>lj L-Sj . 1 y>*j l _ s - 4 ’ ( j~a. All j 

^ * • liL* ySdj ^ S j-AvaJ(j ^jo jySS\j c.~~ J l _s4 5 4 i_S y-^l j* yyJl ^yJ| 4 ^*jJL 


TAA 



Ljjjj . Milky Way Galaxy 5J LliJl » _jjj “3^^ <J?' 1 (*^ Oj^-L* ^ * * - 

' -> ^ * > 
j>J J 4,d.L*->t-^ oUL^JL Lg-J-P (J j-vc2L>sJ| p-» oJ-^J Qjj^y V) ) X 

4jU (jiSCa j t ( j^« ^Jl G-i G 1 -^a . ^^*-11 Lg-v2-*-> Jl jj-^aJl 

j-Lj (1)1 ( j5L«j k-4-S^ ^djd ls^ - (J*' tf> 1 - 1 <jl ^ 

^ ^iUj - a j5 s’ j> jjy. -W ji <y> J* W'j j ilr? j 

L^la ^lal4 j ^JjJ j . iiliS' JLil a j j.,(J) L^»i '~-^~ 1 ^ ‘Uyij 

> «* J ^ 

l U5 j . AdLcwt^Jl ( ^L> I c^*Sl^Sdl 

<* ^ > s 

. Lj Jjflj io <C*>» ^ * * * * * ^Lj ^ 

0 I ^ ^ 1 ^»P i i ) l I ‘^-«— ^$" ^* l 9 

^JlP c Local Group ip J «,<*!? P (3^ Ol • Ifejj, 

7 j . L^Ut^I ^3 4jjL*JL* olj^cxjl oJLa ^_$sJ j . o *j>u* ( j^ j.'L S' { j-a jj>^j 

tM31 ^Ai Andromeda 4J^*d«-l**Jl ol ^<»Jl 5 j> x-#j IjJ ^> c-° 

U SiL^Jl ^JlJ j . ilL>wJl ip j-^^Jl ^Jip (Messier Catalogue ^ 

S^JI oJl A 0 j j-s^ ^iaJi . io j-s^ 4-^ J-Joa ^1 J_>- IJLw-oJjJJV I ly>x^a J \jS‘j>*~a 

y,\t j£Ui 

(jLj L 4^j ^-oJl (^1 C 4j J.+/1.*. 1 1 0>L>-^-oJl (Jl jb\ ^j-o-s^ jj-s^Jl odjh (jl ^-Pjj 




t jJl I j\ t A <L*-JjVL c-j| y>^ t Uji j J3 L>-Sj cIJIxa 

< y^ yS\ t I lLIIj {j* t jL->“Vl ^3 toi^j>*^dl j j^-jj t ( j-^i 

Jl^.a] 1 ^5 4 j^ol ^Jl 0 >l ^>s^Ji ^J»P ^i^Loi Ljlj .XdJ^ > Aj^y 3 .Ji j^-*JI <Ji^J?'V 1 $pL*^I 


■u~* 


UJi 


^j>o ^ojJl 3 ^ yZ>*-> L*j/_j * *>— ^>e-oJl cluster \^yoz^“ V ? ^ Q ^j^-JLll Lj y^ 

i A^J y s<£3 A^o ^j*}La ^ % J ® ^j-O La 3 I jia3 ^jl^O Jl3 J . O^I^>e-oJl yA oLlJ| ^JlP 

Jjl Jx£LSl ^ja ^j-»j*!>LoJi ^S^Ka \jA o^jlp oLu cJ^Lxj Lo aIiSLII ^ j 


. A~ 


f, y £ f. * j £ 

'jS I CjI ~S y ^jJlp y, ysy N j jSUl jL t iL jl? o /iJj t IJOL* iliac- jll ( Ji=> ail j 

4l~u j jju yj^kj y \S I ^aLio ^ic- 4 '^A 4 j j£3\ jlj 4 oI/»«aJI J-iliP y 

—\—3 L^aJ 4-1 *,i ^? x.^ 1 1 1 J L^ < l^j J—l 1^ 4 a- 1 - P & 1 1 . y - — ■ 1 y^.ft- .1 1 4 - >r g . a ll * A^J yP 

^jJlp i inhomogeneity y>\^> ^ai- y c ^,/;ull <u*>li)l ijjL*Jl ^ (i-jliS 4^>aJ! 

4 ^ p 

La* (_g j_ij .V, 1 1 J-^-jJl ^s y Jaj U5 j ttiUi ^j-a ys>- /SI jj—oli.4 

-» f y 

3 yXC^}\ aJl ZS ^ A^J y*P A^>j L) _^ v ^ /0 \ Q ' y° y'^L* fjke- t superclusters 

- , /,■'-_ s s 

<U. la,-.^- 4 _Xj Lj y 4-o-P^— rfiJl -U3Lw>JI oJlA d)l . J j-«J-j«J| 4lJLxS^ t_A*_s4> 4 jLo 
1 • • ^ /SI ^1 LSuj ^ voids ol jj»ci J-^j <• filamentary structure 

. Xjjyp J (j j-JLo 

/ic-l ^ /l-~q Jl a^>-. t IIa hierarchy J»>J— iJl ^/jJl jl 4 /Jl ^Jl jl Jj> 

jl (Ja_*Jl y* jjSUj 4 wiUj 4J-SSL51JI c^jjJl 4 Lj jJ jl>-jj 'y ^iSJLlS 

|j_gj /LsU-a 4 4 ^>«_^JwO a j j-/? i 4 I^Hj>o (jl J0*-> t y J ./aj jL> (J j-i) 

^^ 1 -p oL*-«^>t_) 4 _«_!i ij^jLS jl Ijj-J jr^ 5- 1 y -^ 5 ^~ k> ' A^-ha 0 • ♦ J_ajJj t 

- oJL^S ^y\JLa 

\ Ajli j jSUJ yk LJI 4 V, 1 * JSLtJl ^jj 4 4 J jJaJJ y^-y* jl 

iiL-Jl t ySCI j 4 boundless ?j->ot-a // j\ L/LgjN 4 JUJI ^jlj J 4 j _^Sdl j^Sj ai j 

j^-d-^ 1 * * * * jylly- 1 * - 4 1 — j!/jl ya bjjJ La 4>-L 4 Laj^P <jl ^j^Ly ,_/ll 

—• t j > > 

(1)^-J^a yA k^Syl I O^Xp ^ _ ^ e - :> ’ : -^^ 0 0 \ yL>r ^.1 1 aJjL^sJ I *-X9^ . A«J) J^-0 A-Lwrf 

. ^ ^ ^ f3 j* L<k ^"_3 ^ A-LfcS" L) y^A O^-Jba 

aJLsA? ^3 AJUA>- bJli l Jjl^oJl jZ . Jl |J_A 1 ^/ 3 >kJ2j La 




i Laju&LJ- <JjI t LajlaLJ- ^i31 j c 4^jjV I aIL^IjJI jL^jVI IV,^ 

O.AA oJl^I jJ j . ^JjVl ^ j -*-* ^ c5 j-*-»L.o..U jl v_3j ^_*_oJl LJLp 

. (®L— <ljs ^jA <iil ja) ^ ^ V *\ ^Lp ^jA jl^l ^3 t C ^ j>Ljji) ® ^ i)L>- ai^JL j 


^3 * /3 p *_>0 JJ«-Lj l jS ^-Lp ljul . UjCjj 

, # ^ ; f " 

4-P ^3 j-Af" ^ C-flJl 4 jL* l< 1p o 

+ t 

^ supercluster ^ I^.pI 3 ^JIlp j ^ 3 ^_ajlp ^3^" l 3 ^ 

V_J| ^iJl l«Xfc U^Jbj . 3jJ_>*^o ^_~-P Oj_^j Jj> ^-^mJ ^JLp ^3 SJuJlp ^_<Ja_P wL^sLLP 

" > '" • * > > 

. La>L*x ^taXJi 1^^ j! ^ dL> 


L*5 I J15 4j 1 (-j^) <1)1 J frlkp JjP c£jj t* t * jT ja}\ jy ~£ ^ jl~Jl £-*J>«v«® ^ C ^-JaJl O ) 
aII^xS VJ x~£- [aj iS^Lj ^ aaI^xS Vl j £. Jl jlip L r&j)i\ j Jl o! jU — !1 




(Linear Size) 




The solar system 


The Galaxy 


The Local Group 


Virgo Cluster 


Local supercluster 


The observable 
universe 


The Earth goes round f>e sun 
Sun's radius Rq *110 R® 
Earth - Sun distance 


1 Astronomical Uni - 210 Rq 

(A.U.) 



. j ^ i->-j _j*»j ^L«-i : V, \ • JSLiJl 


T 













The Earth 


| The Earth’s mas* i« about 

I M®* WOC nullica trillion milli- - :? tc'nne* 



The solar system 


The Galaxy 


The Local Group 


Virgo Cluster 




Local supercluster 


Mass of a Supercluster 
■ 10-100 x mass of a cluster 




The observable 
universe 


T 

Mass of the observable 
universe - several 
thousand million 
million million M@ 




nr 













L jJj i Milky Way Galaxy iJUill ISylj j^o : V, H JiLGl 

** > 

. i^jLa L>xjIj j <J 



(a) 


lb) 


d)| . L$_JL>- y* ( * — ■>) <j>- j} (I) jJL-j aJLjJI >y oy>*_» \ V, JSLiJ! 

^ jLu y j 4 Kiloparsec (kpc) y _^JL£JI ^ **«*>»«-- J jiaJl oJu^j 
(J^Ijo U ^1 c U^- y V • e y>«_*j! jJfl-* ^Lkjj . Iaj yL iwiJi ^jj 

. 4-5 41 *^ ^ * • * * * 


\<u 





Si j-oJi \ V, ^ 

Andromeda «Ijl-« 

. ( ^Jl 4j j- si . ll A^sLaJl Ju^i 


l aJjL> ^ JJlj c ^-w-SCL^Jl Aj>-I^j (_$ AJl 4 v wJb ji\ Jl J jJLw-ol -XjjJ j 


: SJUl oUlsai c 




o j-*-> ^3 t ^JplJka-wU 4 - wJj| t j^j-3 4-3 4-2L>*_> ^3 tl) j 

x c * t 

ZS jS>- ^jA l l)I j-bj 4 AJwuLvk *Xi jj ^3 4 ^J^LLlj 

• ^ .nJj . wj 1 C *U^ILm>. 1 I 

£^»j fjij" jl jj-l ^ (J-aaJI Ijli oi ( ^SXi]l j£3j 

^ "i * • t ** £■ 

^--p Jj* Lo*5^j . c^j-d'yi ^i-p ** i^s * {+••$ ^ dr^ cj */3.>tJJ 4 o j j^«/3.11 pl^>-l 

. 0 4 1 ^‘»p 

.iilj^Vl ( J-g^ j-* j^xJl UI^jI oj j-p ^ ol 

U c^LjlSnj SjjUI jI^>- 4 4_jI^ i ) t ouLwJl Ljo ^>*- pI lLUj 

. L^jL.t^S'i LJLp ^ill AjjJuJl ©jl j**\j 4 oNl 


UajJ! 



? Jolll ^ji AflltArt p-LaxuJI t _ s _i2i 'Ll 

^ N 4 j 1 c l a ^.-^'l (Jl J^ . J l UIjUjI -LaJ 

Y<\o 




y* Ij i Coma cluster of Galaxies Cl jiJI oly>-. i : V, i 0 J-SCJlJI 

. j \\ JLsoI ^ aJl 


oy> L*j (J jj>- i_liij I ijL> LtfJ-i <ulU-o <U- ojj 0 jy- ^y> *y>- Cl . j*JLj<-> 

lilta »_jjl 4frp-l^o ( yf- LfrP r . la.~ i J-r-x-Jl £y>Jl eli-L j>“>UaJ! L)!j l CpL» Yt 

^Jlp cJLi 

* 

L ^»l5j t U^d j*J c^jLoJI -LI^IjLa 

Li j_i ^j^SCLaJl JfrSo o- L*-*i <l^*j Jljj 'ks'jj* [ ^ c^jIS" 1 ^ A Y 1 ^Lp ^3 t oLjLw_>- 

C^Jl5sJ L [jL>ya jLS" jJ . jj_Jjl <L*3 ^3j Ufl->Jl ^^1-P I t <J j-3 l J J 

4_>-i ^iJi j-lajJi < 3 J.+/2 ij C d>s3^Jl 4_L*_L? 4jl_P 4_*-1 ?Lou p-Lo»**J| 

t ja Olbers paradox jjJjl J3jLi« jl i^ajbz+j U y> j cJjUi jU^j 

:/Nl i^L-Sfl 

*{, f * y, * 4 

(. Liul c-1 ■ •/a 11 I JLp- 3j^i5 jpxj cr^ 1 »-^Jl j^yil JjL^al t (_£ ytpo S-U^JI 01 

j ^y>0 J-*-> jt-PxJ (j-® ^oLttJl --P 11 OLj l L 111 J . LlJJ “Cwa T-*-^^ La jjfcj 

YV\ 



13 h 12” 



‘jL: ^ j oliL—JI l( JU_LJ lk,>- :V,n 

. i?Laj ^Jlp J'^ 3 tol ^j3 t-X*iU-C'_j 1 0- , l^>xJ 

«Las Companas ^UL.ji i' j-«->*-M i^-ljVI £~» J-^-iJl <■ i j j 

oU-ijL; 1 5^« Y 1 1 A j^Lc- ^ _pL»xJ ^ j t Redshift Survey» 

* c 4-P-J.i V • • o t L_J jJLt • , 1 

<~^JuLil 4 _Lj>x_oJ! _p _ ^J_»L_a j j_jLi i oliL-^ JyJl l\ j^j>iJ\ C-»L>-ljN! 

.(mi) 


Y<W 





^ * f. f. 

LJli Ijl^sAj i (^ylLiJl ..<-? ja 1 1 ^ t Lo » J l JJL* i ; 

JjiJcu iJjLU ^ ^>sjJl o Jjb d)L i bJjJLs ^3 ^ oAa ^ (JVl>" ^Sy 
>x +^ ^ l)L> Lla . Ll*j j-fi ^3 L Nr ^jLvo ^U-js^U ^IS* 

. 4a*L*JI ^ ^>*jJl 

^Jl 4-^sjJLi . ^Jl^oJl ^cpi>!j JjJjl jU jj ^J>-Vl £jj>Jl jU^ dJU-9 Ij^aj 

oJl^c_L« (_$Q ojil jS-a 4_j J j-S* CjI j_JL 9 Jl ^J-S" 0 ^_$Ul A-x>-^3 t IlIJL* 4 JLvS>lj 

. JU*?i jJl ^ J-P 4jl3 -jjLJLj 0 (1)^3 t 111) LfeS^ . dX<*-«lJl j 4 j-^Jl 

dlta o**l jJjA\ 6*Xa JJLo ^«ap <jl ^Sl 

^ ^ ^ *"* ^ jj p 

! L^l J^X^O ^*P J)"* d ^^3 l^K ^ ^jA ^j3jUl tl)l 

. 4^*1 L*>> V 1 4jLs^1 j I 4-J]^ y (_£AJI ^Ldi-^Vl ^.a d-Lta o\S jlaJ 

4 odaL* ^J-dJl l)1 4 V ^»1 ^j-vw^^-dJiJ -g *>-1 yA US'! *1 j 4 IjlSLa j 

•^j^j 

/ / j i> / 

^ j-il jj-LiJl ^3 Li? ^J lr- 4 La L-^>j LiL-k L)Li . a^qL-L a ^j»*J-J 1 ^La— «a 

?UaL-Jl yt jjl 1 \,5LJ j . oLLaaj 

j^L v2? C~~~J j->t-Ll L)J . oJj>-Ij o j->t-S Lj^j j jj-j *1 y f ^~s~x]\ J^iLJl j| 

y ^ y>z jJI j-i tS-^- 1 L» jj*aJ I jSL^j . 1^ jJl>*-* L«^^p- L^J L)l Jj t J?LaJ ( J-^-^> ( _yi- f ' 

tLa—Jl ^ j->*iil L^_j !>LaJ aJLp- ^ ^yil l ^_JaJL c (JwsL i_j j^Jij t O J j-p- LJLixa ol ^Ls 
U 0 _^>t3 j'S' jlkj jJ-9 . *^Ca <diJ jJ 1 — > j-sAj d)l IjJLjaj y$j . L^J-S^ O Jal-9 < 0 j-<Jl 
Ja-^j ^3 cdd” IjJ Lil . j l gi . » . l l a^jAs>- ^3 ^LJl {£ y <1)1 dli^-o V 4 L>3 0 ^ 11 a ^3 jL>td<Vl 

-f- * ' ~ > * 1 

. ^jA J-«j 1 ^ll (1)1 V 4 ilaLu^o J 4 d-Lli ^jA 4jIp 

^3 jU>x-d V I ^jA l_3jjLs^2j ijL^-Jl olk-i^ 4 -s^oLaVI Vl jU>t-dl ^3 CjI jj>5jlJl Jd* jl 

(l)li 4 a\S j ^SUl 0>l jJiji]\ ^jA bjLp L - Lo^J l-dli IdJ^ . 0 jS>- 

> * 

^L*-dVl iijLd-j <-£j^a s LmmU <Uj j-ill *d->l j-JdflJl ^3 0 ^ /» j->cjJl 

. L<dlj (j^*-^ dLfl lwk^l& j . 

IJla 2jX>*-J>\ ^LSvJi ^UcJjVl dV dJJ^ ! J-xj ^jA ol>ti^-j luSd j 

1-A.aj . ^j-^o-jJl ^.J a^ J -vij di apLajj! d)L> ajL^jJI ^3 0-d J-ilj 4 (w-a^^j (1)1 

Ad^l d)j^d (1)1 Jj 4 (^— j 4^i?L a (1) V (1)1 (^-j>cj p-L^-Jl (1)1 




Epoch of origin of the universe 


worldlines iy>-j 11* spacetime diagram jLSUjJl lL>^. y ^ j, : v,U JSbJl 

J-tJj ■ (O) -J — ol jJl iYj A Aju y* jLx-ijj i(b) j (a) U _* j U 

oi io_^5dl a! i (a) ^ oljLiVI jl Jb'y . cjIjI « ylc l .Us-. 1 ) 

■ (O) fJ (b) ^ t(P) SllUJI ii>J| Jj (0) J^sj 


LL^jJ lib llbj . lb AjyU ( _ j 1p cibi ^ t jib J< 1 b-J- 1 0 0 * * 

• (T^l ^1 

j_j5Ul jl U-^Jjlj ■ jjbsbJl ligj ^i-I <>b t ( _ r j>Ul y tjjbUl liJj 

- ajl>^ LsJlj rbl^V jl tijlm (jb^bl 'b jj5j V is 

• c?' bji V 4 ^ l*a biyd ^Sj! Ill yj ^ j Liu- 111 

b - y ^ 4 -’'^ cLU- 1 -JiVl ( _ j 1p tbslyi (^llS - l*Jl lia, jjb jl Loj I bl-yjj 

j rf ^ 4 jbjl oljJ jl ivbo-J ll l^-ll ^yJlj t jL-slJl j-sl ,r> ^ 1 lil^J 

blls tiles’ yHy . jS/l y^~ ej‘y j . — i jl lubj 1 i*jl jjsij t il j-i b jr’bl; 
oia tjf® uT"^ j->La<JI 4J>jLi» jV c ^JlsIuJI li$J Jj>~ Jl jUi J_j, jl 

. ^ja uu. ^jJi t-j-bJi iijiijii tifSUjui yy_j i^iij iiot-Ji abVi 

t ui^i ji t |ibi y~>- ^ i jb ji ui ^bi fy>«iii ji _y*-vi J-Ui iii j 



0 j^Lp O^-^Jl l) 1 ^jl . 3 j-L>t^ l)“^ 

■" •> 

^jili dJJj ^ js LsaJI » j .tf ,ll t ilUJt o J_a ^ t j» ^Jl Oi LuSIojj . <Ljj-^? 

t jl>JI IJla ^ja Ji*jl ^y* ^Jl ^ ^>«dJl L*l j • -1*^9 ij j-a? CjA^ ;>i^ 5 ®L»wo £-ij 

. jjjL^J! Ula V, \ A . Jo»j bJl <J yp jJJ c- sis' Ujj ■ ^ 1 (j^d ^ 1 9 

AjI ^y3 ^»^>xjj! o! 4.a-.a. , > - ^LsXpVI ^ '■ > -L>-Ij y^ j a a-^jLjLoJJ ^a>-l ^j->" .ilb-A^ 

Ljlj AiJ J . JU*yi Jj L^sl j-il J^yi y£~Jj (1)1 'V Igjl . liJ~L>tA b-aj ^»jJj O yA 0 jJL$ 

. iiLLJ! y» aJ jJj>x_» ‘Ul_£j oUa_«Jl ^i>-T i_y9 t J-v^-4 jt-A>xj <1)1 ' -P & 'I ( _ J 3 

La y&J C .AjSH Lg-LS" <— ■ J 1 yt*A J! ^y> £-JLi ^ylp J £-3 <jl ljj_5ba^ V I J-5 La^ 

^ tf ** 9 - 

. pJ- L ^^-tt.,' 1 ' ^yl$L!l (jijJl ^^3 I^SjULo ^yilvS t ojyPJJ t J-Laj 

alii 5 j!3 C~jl? jXs tJlLoJl ^j~yA l _yL-P-J . <C~J>‘y* ’j^i- ( V r ^l^ r Jl oJjfc J^LJj 

/_yS\j jJ U t Aw i p j3>xj illl* ^yLj ,j-I AyoJxl jJ>- 'i/ j ^5" ^yS Ajli L S3 jJ->zA bjAS’ ^ j^cdJl 

L^ijl ^Jj 3j Ji>*A yAj ( J-3 jJI ^yJl «-l>- lj j^” j] .jl^L c—iL^iu SJuJ->- 

. ^Ijclq^I ^jJu>^J| j ^ 5CJi o ^ di!i5 j t aj ^5o j 
^ wA^l5sJi p-J >-13^9 t j p- 1 t (JL>“ Ajl 

^3 t c5“^ J^ 1 * U*JCwP t J aJb jjj ^L>Jl j jiJl k. >LyaI^a 

<J ^->" a-<>^a»L>J! aJ'V^xJI * y>xS\ . ^ 0 ^^ j^-**-*'*^ • j a»«,^l 3 Lul^J ^Lw ?^1 

j p /• 

aJ| . (_j^LjLo ^3 L« t 


Hubble’s Law JjU O^jIS 

c aJsl^^LJI ^JJi -_$! t A^L-i>tJl vlLLaJl Ai^^aJl ol JJui 

- > *„ 

^ ^Lo ^JJI t(V, ^ J^LiJl) Edwin Hubble JjL* I oLbj^L 

t » i* 

^CjI j_>e«x>Jl A-s-pl^jJl A_P iiL^JI iS^Lp® ljij-^-> aJ 

t A relation between distance and radial velocity among extragalactic nebulae 
L a tl)lS 1 o ^Jl ^3 t ^ jLdS A_jd? i ^3 

t ol JJL»I C ^ilil ^J-P ^>3 oUjU-P ^1 ^ 9 -^^ 0 J~*~* (_j^^ 

p - «* 

^jg-U-Ls tc_ sL^S^Vl !*Lfc a^o^aI ^ j»>j ^ijaj . \ ^ ^ £ ^Lp ^ ^ 3 

• V,T • 



j>Ui i wJii-i t ^ ^ 

£ A 4jI J , 0 ^ia_9 £_L~j J C t-ljJLwO-Jli jLojjJLj *— 
^Ju»-*JJ !^*L>- t__^Li ^*Jl 1JL& olS” jJj • 

■ y° 



0^>cJ 0 Jj>-!^Ji l jLwwJl t J-S^llp ^9 oJo.Jp <Zj\ ^>6^J ij^s^ I wLa ^5 

0.^0 1 o>->s-w?l LU5 a^jIaJI ^JJL*»I js*u jtj! UKj .(_$ 

^L^-iNL» LojjJ ^jJl ^lijVl sSjJj . j_*_j 1 ol^>t-a ^Jl j]g \ * Liji ^Jlp *r^y» 
, £j>^]\ I JlA 4 <Lj y*<0 4jJw (j jJlo T *\ ^ * J lJ jJ» V A ^jl 1 4*JLi>eJ! 

jli^l 4 ^jlS ^Jl c^jLiJi ^.*/7.a !l ^3 t I jjLsljLi-^ jjp c JJiJ 


^_Lp L$_>ta 0 J_pUjJI L ^-JaJ'-jj . ULp 0 J_*_j 


. Lo faintness c. 


r 


*>” . ■* > << , # " 
o! *J yo UJls t A-Jt jjl LgJ UL^>| I ^JlS 1 ibj>*J N ol^>*^Jl jL luS> jial !i|j . cljI^mJI 

^oSsJI ill ^»A>CU«j jl ^jSLojj L i-g-j la .* >iS^/l Oj^*cj»J| {j* JLxjl tC.^ 1 S^Ji Oj£j 

1 iwaJl CjIS js” C-jlS 1 I SI Ajl ^LmjI t _ y l^-j t kliJJiSj .Up LfcJbu t l^UgJ 

Lv^=*0 (Jj j->o (jl Alls t U CU^J^/l jJ_o L^JU Jlxj j I olj t Ajli |*^>t»Jlj lUs-ljjl 

a ' « 

. ojJuLaJl 4iL~Ji ^ 1 p 


T * Y 


Cluster 
nebula in 

Distance in 
light-years 

Redshitts 

H • K 

% 

78,000,000 

Ijl tj 1 ill 

In .1 Mil 

Virgo 


1 200 km s 1 

• 

1 000,000,000 

III HI 1 II 1 

m n I i ii i 

Ursa Major 


15.000 km s 

• 

1,400,000.000 

III ! 1 1 II 1 

1 II II till 

Corona 

Borealis 


22,000 km s 1 



iii ii m i ii i 


2.500.000,000 




Ill H H I 1 II | 

Bootes 


39.000 km s ! 



III II I 1 11 I 


3,960,000.000 


; ^ * 


III HI Mil 

Hydra 


61.000 km s ' 


1 <j v y^ «-*■* irl C^rTjj J5 ^ tsj '■ VJ * J-SM 

J-^ ‘Uc-La-^VI Ifle- j -* j i ij>^Ji\ _U_i ^ \Ji 1^5 . Jy]j LjJ-laj 

• t jLo^Jlj X*0y> _ Jj j} ^Ctj <*_ — ojJjta 


‘ i jr^y 1 -*-* jl J “*-ri cTi"^* (j-? Oj 1 '"*^ 3 t (_$ ^ t_S j-~J J 

cr® ‘ LjiJLv? *J j_— Lj^Jj . UaJjl ^ ^jJjJl ^1 LbjJL jl ^Jtj— 

. j-^L>Jl 

tli— jJ! ^ £-4j jJ-*-Jl t_iJaJl j} .oy>^ J5 t— Us UU-j L->j tl^JaJ U lllj 

J j L.. J jJ_v2_U U LJp j-A J-J-'S/i j . ^UJI UjlUJJ tUUs 

( ^ ^ J •' ^ 

‘O^ 0^*=“ J 1 •^- | j t^ MkH ( Jj^-ij .<-Lj>-Jl (^Ui— VI) 

o3'-a1!I vM 2 -!' -k>k>- <_ji U~JL (J>Sfl oU- jUI Jl jl>l) ^^M^l j'J—- Ujkj 

r *r 












i rcdshift t\ y *>% Jl 4^-lj^/l ^^Jlp j/Lt* -L^— io L_>l (_$l . <u 
jU t Doppler effect jXjj* ^txJ iiU- <ul { Jls> dJLii U^-lj jJj . ^^UJl J-vojLli 
JS ^ olkx^jl i-P ^-—-11 f oJLa^ . ILp c*XxI*^ ji o^Ax-edl 4 _P - *■ . ... ^ i jl IdlSGL 

.^oLdi ! -La ^jjUjcd aS^xJI ^3 I j 

l$J jU <j 3 tj ^JJl ^y>x]\ a*Ju ^Ub t ^jLJaJl ix>JJ t p-Ij-oj>JI o| 

^3 c Jai-tU 0^5* liLs 4 IjlSIaj . 4j OjULoJl c^jLJaJl ^3 ^Jj 

j> is i^uiaJi ^3 jJUj AJL^Jj 4 j->U 0 ♦ ♦ ^, L > lJ j-U 4 4 . *.,< . lad I (JI^-^-Vl 

y , > ^ f 

o-L* ( U- r » j . <L- UJJJLP O jti tol^jJU 0*0^ 

. ijLdl Ll>-I j (_^l t 0 • • / 0 1 JyJLvsS/l Jy?- j-»Jl L$J j-Ia I*Ja- 1 i>-lj^/l 

. Ja>JJ e-i j*>t Jl O-ljj/l ^jA oJlAj 

“Uljl ^v^sj jJbji jjl' jl^ YiUCjj/l ip ^j-Lid C->L“ ^JUJI o-La ^>JL>« 2 L— J v_i-. 5 'j 
speed of ibcojll ipjJ-i t“}L>j Lk~~o ^JLiji La LI l~-k.«J ^xll S-tpUJU iI>Ia 
ip j~» jjSj l-i^Aj . frj^jaJI ip j** pi ^j>J! 4^-1 j^[! u-< i_$jL~J recession 

f, ¥ 

l y j^j* ySS T * * • (_^l i fj-i il ip^-* t j-» SJUJI lJ->-lj i (JjL—JI (JlLoJl t^LxjLi'yi 

.SJb-l^l olii! 

(_£-L!l 4i>o ^4 JuLft Lgj *b>- ^xJl ^jj/l oL-U*-»Jl V,Y * JuSLijI jl ji-PjJ 

jiJi 1 *>L«J Lo-JslP bJj>-j to jiS -AJLi . oJl?- j Lip o .>0 I’.Wkj dls i \ *\ aLp ^ *UJii 

oj j. A ; dp -X*S*j J^jVI oljojx^Jl jL jAx^J (J jii- ( j^ 1 l-5^r' luSioj IdV 

• ^LJl J^iiJl ( _^Lp L^Lw2j jl ^SLoj ( _ y Aj t ij'^Lp Jj I a -til . P ^-*1 

. lip IaJLxj £4 Udl A J.J Li U \'j>yi jljCjl i Pj~> jl 

Jl 4 p - 

-t*^j o^-p-'j! c— iLSj 1G2 j Gi L»_a jbcil jU y>^ UjJl! c-JlS’ j-Ls i j l ./o-t -Nl ,j 
. Gi ^Lcol ip k_A^j> j jSii L-p G2 ■iL^jl ip ^-4 jli t ^Jj j / 1 -t*j Up 

Jai J I ol jZJ La JwlP 4 Aj>t-^>T_ N ^ 4 ->cJlJ| 0 JlA Cl-JLi? JlaJ j 

J *5 P > . . 9 Jj ^ 

ipj— jL. j jilill Ijl* G' f J* c jj .Hubble’s law “JjU j^li)) _j GijjJ o jLp j i-UjVIj 


.(10' 9 m) ^Jl ^ o_jJb Jjjf y» nanometre (^) 



<CjLj lip La Jlaj L^JlP J J ygoJl jjjj La 

1 4^0 y^p <C-W*< ^j-o % )La o jJlp jl*_> ^ 1 p ^-L> 5 ^>«-a oL ^JjLa jAi jJL^j • Hubble constant 

j g Ig J J . oJL?“l jJl ioLJl ^3 jJLa jJL5 \ *1 * * v — > j-iJ lip JLwJUJ Lo»j j t *}LLa 

(a_^pL*_Ji oj j ^ ■ LLp S_Pj_ J l La ii*>L*Jl sJlb j-i— J i-a— . 5^ V,Y I ( J>^_JLll 

Jji C j-j Jua_‘ ^ jj l JjL*> ( V r £J J t J^jLj Jaj- ^Lp l ^ a «** LoJJ*p c ‘Uow.o J lj 

. ojLJI IJia jjwiij y j^JLp 


The Expanding Universe £_ui jiaJI (jjSJI 

ij-j|^>«^Jl (_j y bJ| . ^JjLa L jjU ^p 4 ^^aUaJI L*Lx>> ^3 c aJLJI <L>*,*~J1 o. . -LLl 
jj (J-f® . ^*S"I i_y* l*-^ t L^Iaj L ■^>-j l o-t «. > - L*p Jjc-J 

^Lp > -o>aj Lj^*" (j-f (_?^’^ > " ^ j"" 1 5J LlxJl i Jjj <S^ t tLJLii 

. 4*>cjjlj 0 jlaJJ jju (jl L-* LJ ^yp lla» 'y 4jli Jlj-Jl 1JL& 
y \a ; :.... j ^j'y I jl k—a'VT JJi j i^jJLaJl ^ i j»UJl jiU^pjll jL5 

> >p -■ > > * ' 

L^UJl j I <Zj i JJLl^j . 1{J y>- LLflJi yyJ^j L-oJ^o t O \v-*.*y i) 



t (^-l^^xJl L^i^lji bLi^l La^j J-A j Sjj>^oJl AS ' jJl 1 *La jj ! V,Y ^ J5 LjJ1 

t I JapOl ^Lp JpliJl ^-Aj j . (^$3 ^..o-»Jl s i clip LaJ-rjj 

ill- . 1 . * . - li : -ti i k „i*>r r » -*Ali it,i_i.^i, **. * 


JjLa L^JjIj kiUb L^ 4 j J 


4-o-^jsJIj . ^J-jLa O-jL ^ -o-*- 3 ^Jjj "bf I J jjs^oJi ^j-Lp UjlJUJi ^ JU>«-J 

(•j^LI OjI^ Ijjt jj/l |LL«j 


r*o 




{ yi jjx-o ddJ I LsJ^Lp l jS+S' ^oLdl 0 jAj\ £-1^- j/’j j t Lg_> 0-*dw ^jl 

~ ' o . - „ -> * ^ . p 

C *-X^««> C . 0^L*«*»*Jl k.. •* ^> 1 ^-^-1 ' 4-^^/) i3 ■» A j~A ^J-^-*»>0 1 0 I 

L J OJLl j . 4j^jJJLJ I L>fcoL*-'i j ^»^J>dU aJL^Ij^ ^Lp a1~~o Lj J> c-oJ ^liJ y>- 

^ > " 

. V , Y Y J^LjtJi ^3 a jjh JlSI^ j*J& aIsj ^Jaj j . 0^>c-4iJl jfT^wO ^3 t Aiaj^rJl 0 JA ^3 

p > - ^ 

L)l UjLSs^Li ^ aJLs Lg_jl_SL^ ^j-p <->-j j>-j ^jZs>- j 1 1 JLSLaj 

AjISCqJI o La ^^SL ! j ■ SjUJi c-^SI j5sJl Lgda L.. «*.<»,.>.t ^ ^ 

^3 IaI jj t Id a J y^-P Q-sdo ^-i La JJ^P c 03J^i ^w.-«adJi Lg_i O-diJ ^^Jl 4_*/3 LlJ i 

c ^jlJjL^ aAS Jw^> ^ ^3 t ^L-du ^JjLa jL? j t 0 j-^Jl ^j-dLo ^3 t Vj \ Y^ JSLdJi 

a*.^- y^j ^ ^ i-L 1 ^ C ^J^LS ^^>w2_!l ^ij iJlj^'Vl *d>|Jl?-| ^%P Njj-^a 

V" 1 * * * * ' ^->Q o jj>t-oJl ^ /^p lAd*_J ^jl>ji -LdJ I f^jy . 0 ^ jj* o0_0*_) 

- p • **. 

. 4»j y^-P AJw*^j 

o jljjJl c~Liijl J_ii-s t Lj 3^. .t^Li “L^LiJl rijLSl^Ji jj j Lolj 

^ jl J-a . >-T ^ j^-~^ anthropocentric view (V) k i ’ J lS yij Syj\ 

. I — jLsxjNL l (j ^iji J^iLwO ^1>-J t I ll ^>*jl jl? J-li ? j j5lll ^ ji-AVl 

t o^L^a» o ^5o t »^iJ j (j^ 1 (J^- 3 i O A • £ _ ^VT£) ojIS' jJ-u^iLaj J ^ys\ JlSJ j 

N L^_j!j l Lw)^j>5-4 4_^*Lj j»JUJl ^ Jl /^o ^ 4-oJajl (jl ^-3 ^j&->x\l . J ^-Aj 

oj L aI ^ jl N t li_p La^L*_iI k _-,. »~_ij t L^-jI S/J L^-Cp 

. island universes « ^' ,J h La *»1 wXaJ^ . Ai ^,r? i 



. Uj^>x-oJ <Iajjj>»JI a L _a p_w*<j_j i WAo ^3 l ^ V, Y T 

. ^wo-jJl jA ± 2 .*^ ^il ^3 <-Jj^ jLwJl p->wJl o\ Ja>-N 


oLJ^I ol • *-:j5 L^Lll jjt. ul~J)/l 01 - anthropocentric view (0 

. 3j — V^' l *T J ^ JT^^J 4^1j | J5" j~~JLn t ^ ^s<ajl]| 0 jSvll 4 jIp jJi 

^.3 . OOJNl =anthro _ =anthropo _ 



Vl L^j ,^y a JL>X_J t L^oj ^y-Lp OJLiLa O-JLS" 0 j_So 

i-i: Lj-i t V,Y o _v,Yr JISU^I ^ . JJlSJI 

c ^ aUaJI oL ^ Ljlj ■ o^S* jjo j^L^o c^J L^iSCJj t Aiwa>» 

Jw5n-jl!I ^ j ^ la^ (_£jJl ^JuJl (jl L^jwu t l^^->c>> V^Y £j V,YV ^^JlSCjJI 

ol jk° V I 4jlJas>- ^ ^fii L^j| t V, \ £ t ! J^s>» j j^xj V I ^jju>» diJ J iSjj t V 5 Y o 

. L^jl Ju ^ VTJ 1 ^ 

o^. <• _r~^ a— U lj 'jLs- ^liJl jk Jl ^ ( _ J x^- c jf y Jj^*Jl 

. <LiLjJ! <~j ji ji ^yi ^JLj Lg-ll j_Lj N L yJl ti-Llj j-/3 j- j t _L™J| oJla 



ui ( _y*j t Orion Nebula j ^ji J O ^ £ 1 : V,YV JiLiJI 

. AjLpx-wJ| 4~JLj <a!zL»J 1 oJu& i^fl.ya.7 L*^j C-»w5j 



« 



4t #» 


charge coupled device ^da-Ldb* l ; V,Y £ 

^ j ^ia7 ojj-^a Jl Lju U-Ujj . Ring Nebula ^aL^JI — U t(CDD) 

1 IJJ 3 ^jA I Lflj ^Jaj Qj j^./3 ll o did 4 j ^M aJl Y*, \ ^ 

. jt&j 


oLj ( ^ VVV _ ) VY A) Cj j-^'V jL&jj>- jJI JJLLs <. cJlS* J-*- 3 LJ-1» j 

^ AW ) j j jj • j a^*jIS ol ^>t4 IajLipL t ^ jl>- ^jlLSI o Jla 

^3 *. *>™J! O^j ^ jXslj t o — cdJlS* jlSsji j^Ji^j jy~j& ( \ AAA _ 

~ .A t 1 jL-*Jl *oLwJl t ^-3 ^ ^ 

t J 1> * 

' _r^ ^ \^ y * ^ ‘ i J ^r^i a aSIp! V LoJw — i c ^-dJ I 

^»U t Jl!S 1-i-A *L>«w2 vJ>Ua^jl AjL^-j ^3 ^-u2_j! JLi ! j 

^ J ' ^ 7 

t (3^ (j^* 4 Cr 0 j-*j 1 aJ ^_aj U* ^JjLa jJLLs i ^ *\ \ *\ 

. o ^3 



jSj i jJi olS^ jS>t^\j i ‘U_pL*JLH oLp j-~JI A-JisL-aj 4-3 I ol 

^j_^mJl *J^1 pLs^^Mj 4 I10V3.C C->l (_£ j-fcllaJlj ]a^ > J lj 

% ) *> ^ p * p 

— l 4 IXj A yfl^iiLo ^L*jl I j^~ \j 4 ^ JLP^ 0-4 ^P%-Ul 

. .iJjJJl ^a 11! Island Universe nS^j^Jl jJUJl» w>y 

OUULi jL/3 LoJuP t (_£ J >- 1 S> t A^r^c^aJI 8 J J.<?H j..,<g8 Cj^j 1 - <«^— J JjaJ j 

«» 

i \ *\ W |»Lp c o_j—~Jljj jJ-^" l _j- s 4 ^-4 ULoJl (_J j ^U>JI J-^a-ajj t JLS^j *j' JjL* 

V,U JiCdl J ^ jdl CLUBS' iJj\}\ ^llJl o! J (cJU J! Lj) £dl£Jl W>>!l 
! jJuJl ojjl— Hj l^VSUo Uj OJJb JjsJU . ol ^ jU- £-dJ L*jJ 

^/2j aJUj I jj U j-&j 4 4^—fiJ JjLa o-L>-j -Ai j la *. i lj *LuiL>iJl cLLIj j 

/j£*i J ■ l^At- 1-g-LS" (_J jj-Nl JjCAi ^3 j-a jJ t (_£ __p-l 53 ^ 1 d33>^ 

t 1 jJl ^ jLp ^-*-*» j ^ j_i? |»J oj j-3 ^ | <-L>^oJl 

. iLLwa ojj^lj LgJiS' <ij \ ^0 J^L*j jJ aJL l a^J^\jj}\ tl)j->l5 4j*-yA? Jl tablet 

l ill L* ^jA j j^Jl 1 L 5 JJ t 4jj^3 Aj ^>«^J 1^3 j^3 IJl^A j 

‘UjLS' V, Y 1 ^J5*LxJl Z^-Jj . jl^o^Ji ljw*L3 J>s J-xJLo I 4j!^ C-A3 j-<JI ljJL>- jJ 

. ciU^ <1jjJ L>- 





lils ol (_jA IJla J&S1 4jx-~>w2Jl ijjj]ai\ jli ills-j 

^yjl 4 2.1 Li t j^Nl 4~aLLj . £*ajJl -Li>-I ^Jl j_j1p 1 O >\j>t^i\ <ui y « L ’ ■ j (_^-Ulj 

j_>0> la-Up dial . (jJiLJl <— a 1 _j~>- ^yip 4jjL>- cil^SLlI yJ>- 4~L»a«a <. jjIjs ^waptO 

S ¥ ¥ 

. ^jOJu l jp 4,.,<3 j<j JOCo lg_i j^oiiajl JjjdJl ols cLlloSj l jJLCo Lga'U 42«pt*Jl 4*ia3 
(_y* OPl Ob Jjl® O jaG jjA ^loJOOal ^y3l ^J - a 3 -> (1) I ( _y» ; ;. Sa , l l jj-J ols l0_S\_Aj 

4S 1 Jl - *1^1 2^lj>l is^p 

V o j^LJl ola jj-j La jj^j i !j^_*-ia j L*jIj L>-L i . ' jL>al t JlajsJIj t lLUs oL5 oJsJ 

. iJb»- Is-b^a UaaG L.^ajl cilL«4 AlS' jp- it t j-SVl ^aLJL»JL i y CO^oJ I 

CalsL~~o_i <OjJL>ia> Calls' u ji]\ oL-j^Aj j CaLa^alp ,_y3 ^JaL» CaUtLp-^la ol jLpJJ 

^j ^3 ^ ^ * -.'J 0 ^-^SLLaJl (JOa OatS l 4-u ^-a? ttCa 0 j-J-a A * * Jylp Oj^j ^ 

I ail ^yu. »P-| l ,J_lL» (ja°j 1 Caw0JL>OOal Jjllj . yS\ sL*-tl ^yJl I j_& CO I^J»«_«J I 

s-jaJl ^ylp L)l cUJS ^ylKjj . ^S"l_j ^-Sl Cab>-ljj ^ylp (j ) ; ^L O^jLtll ol jj a> (_jJl>oJJ 

la jJS j l *)\aO i " ■ g ' I ^yA j^Vl al jaaP-«Jl CaL>-ljNl Cals Cal jj>«^Ji C-olS^ 0[ (JOlPtli (jl 


Gj G 0 

100 km/second At rest 


g 2 

200 km/second 


At rest 100 km/second 


200 km/second 


0-? Ot~~^Gta o~4^ J? ‘^2 j Gj jy'y>^]\ ^_JI y loi jLio : V,\l JiLiJl 

J_>CC_> G 1 0 Olj C G ] yO 11^- l jJOl G 2 01 ^sl . Go ^ JU I ItaJ ya 

O ^Scc» G 2 Oli t JaG 0 jjli ■_••■■>• j l iiJLP J . Ojlill ^y3 2ta jic 1 * * aa- y— > Op 

Gi 'll oNl Llfti jJ j . iOLiJI ^ jiS Y • * 1 j l Lo^S” LLP 0-L*J2aafi 

Gi Jjaa Ujli . Go 5^-vJlj l^is” ^>- ^px-^a o tjl U — Lp jU t iJllA Ij^iaj J 

ie- *j cJaIoi G 2 J i A-oLtli ^3 JLa \ * * 4_P j-^J lip J G() jJ k— 3 j— ^ 

xij . J5LlJ! ^jA JaoixJl ^3 jJ * Ui Lo^J C A^jllJl ^3 T* * * 

^|^1p <j jjli jU . Gi ^jp Gq j AXo Gj ^jp G 2 


>. — IjJ V,TV . bw« j2 Ji s*jJL ^LIa o-^->-j 

j^g-p ^a cg| jj>c-oJl ©Ja jl . ol^>c_oJl ^jyglg- c.-4-o *1 

** y 

hl<J j . 1_^> 4_^gL>tJl L^ji ^3 l_P ^_k2~*j ^13 V I IgJ (^1 t IaJusLXP ^3 4g>~jjJi ya 

kXv5 jLli-l jjb 

rjf yt L/* us^' ?J-^' J- s '-^‘ C^i ^ C^ 1 ^' J-^' jr* if ^ 

^A L^s3 jXj ^xJl lLLIj d)li ( 4AJJj>*_a jLjoI /^o t ol^>e-<Jl jl Aj_>cjJlS" 4 JLg=— 1 j 

j-L>t-> . ^Uj!>U 4jI^jjJL> L^Jlp /^SUaJI a^»L^I owLJLp oJiaj . Up Axj'yi 

cB AiUaiJ 4pL*_J»J ^3 ©Jji CAjb ^3 C A ^JLs t L^jLo ^3 l lA 

4jL Qag- ^ cXXX^~j v— 3 c B ^ c^l l lf»b 43 Lwv-^J I ^lp t J Jl-j A o\j Jc>*j c_3 LJU 

(1)1 1-LvLp (. *S>-yj C^Uj^U 4j>c_*g»t_v? AjjLLo (J . B y> J-xjI 

J fi 

. © j^JI 4 jjLwvJXo LfiS' 


Ijj 3 t JjLa e_il c^>cj tJpjj>tj ^^o_aj jIS' ^JJI t jJl—o (1)^1 i jJ j 

C- # »» P -- P ^ •* 

3L*-»I ob a^sLlp ^1 . jl*Jj cjLiLw—^ ^JJ J->Ia ^ jJ ^3 IjjIj 

, > ' 4 *■ P ^ £ (. _ '• 

Of-L/M lLIIXxkj t 3 ^iilP (Jjl ^3 4 ^>~J^-!i L/f 0 ^ t 43 j J -*-^ 3 

U jjL^I I* liL i Ij^_a j . J->-i" 3 J a , '-P ijl OS-LvC’! V 

LijJ J_^J i^J J_ij La^ l g ..x^wwu 03 j-^Jl 0 ^J>c-<jl d— £J (1) L 3 C 4_jJjLj>tl> 3 Ll-p oJL^-S* ol^cjl 

»■ ^ ^.>s.«< >> f ( 

iai- J _p- c scatter 31^1 jl Ju>j UV t^^JI 11* V,YV JijjJl alj^j i .lip UjuI 

. Ij^- JJU tJsUJl ^1 p 

1^,1 S-l ^^->tjl 4^>-|j^/l l^jLsU3 i jl ^5 1.,. A-^.il ^_* ll*J 

S 4_) ^>xll (J^JLj . jljl J^jl J* I 0 ^*jlS C 0 Jl ^-jL>- ^-flj (^l^l ^ jjl^ 

4J>-Ij^/| V J J-AJ jLl C A_^l*Ji ii jJ*_«Jl N S— Lo^Jl S J^jxjl jyl^ j*-^3xJl jli^ (_^l 

jl H . Ip f» J <U-J jU jo_J jy^ (J^ 2 -^ I^ s> ~ 1 — -^l- 1 (j-xll* ^^3 i \ ^->11 
j.* U .Hubble’s constant J^U OjC 4^J o3~l»J ojjJu c^jUI J-»lll J-Llo 

?IJL* u4Jl J^U. 

Cj 15 wUaJ . ljl*_^ <ul ll* Ju*JI d3lj_'a_jt jyll j all 

1 > f. ^ v> f 

t J^- jyljj t aJjJ— ^ iJl t jyJj^l C^L,LiJl ^yS oJjUP' <u>!_£jwa £Uai»-l j5b_* 

^l* ojU j»-3 o- Miibj ails t «-Uai^'yi jjl lllli olj Ujupj . jJJi 



0.75 j- 



Apparent faintness 

\Saj>~ t j <ULJ *\ Jl oL>-ij^Li ^jLj Jai*~ ! V,TV 

^y L P y5”Vl Ol {jA <01311* Cj|y***Jl ^iL*j 0 j !>. j L« JJLP Lj jJU 

. L^j a-^UJI L&jLiUp 


> 

^y La! jj yJl ^JjLa d— >L 1 0 j-A <L«^J ^A L aj . ^yJ»**Jl JJj* <■ ^r^'*‘“ wd ^ 

^y jl& ^JuS* \ *T * * ipj^u Up J \jcJ1 1”j>^a o j-*^> o lli~3 jl ?V,Y \ 

^ * > 4.3 jLL* C ILp <Uj yP 4-LwJ jj^-La V 0 ^ % ^yLp 4_*jljJl 

. ,JjLa jjJ , UL Lj jJL> <LjyP A^j 

it- * * 

jli tJ^-Lv^Vl J»jLa kt—>cj ^yl-P L-_>yL> £jLLp JJj- 4 t Ja->eJl p ! j 

.3^9 wij>- 1 t L^i-P La d^>L Loy Q«.»«. Ij ^ya ly^SL»JJ pj y^-SiLiJ 1 

i ^7L»Li ^y c «ySiJ» j ® jJ® Jlo Jj ^jA pL* 1*JI t /. \ * ( yl-P ^ Ua>JJ 

4_o— flj! La^_JL*_> ol <U_*3 ^yLp C*^' |r- -£-*1 oiLta 4 _JLp C1-^jLSo 

. JjLa ojLJ «LLi>Jl)) 

. tjL^woJJ ^j-^LJL* yi-P t ^JjLa O— >L> yJ-P A yP^ 1 4-P L-Ow^3 

' s_ s'" „ * 

Ju5l ^p y* iL yJ[j 1 1 Jla SiL^Jl ^LJLa uU t JjLa cyli yjj ^y dLiJl 

, j ISo ^ 1 O-^Jj ^y>x-oJ C AJiy*p A^kjj o jJLS> (J^I^j i^-jS llA c-3 ^Jj . Lj2jI 

0 j^Lp J.*/?,>u LjL3 c LajL>> L ^l^jVl ^j-*>LJLo-> \^!^j ^JLP 4j| 

, pi j-o^>Jl 4j>“lj^/l ^y iJ^i J-iJl ^j^LLs V j J*pj lip U jJL ^P 



^3 pL*-~JI ^A ji S I J jJ jl A_!L» ^JUl Ja^*Ji (JljpJl 0^1 ^ 

\JLa t O^^Jl (J c^L«^Jl«-^JI (. JU Jj>- alp IjJj^>- jL*^ Jl* aJV dl»ta ?^JJiil 

ls>\ ix* ^ p-j^aJl jlj t jij j^SUl oL ^J-«j . aj j^JjV L>-b^ ^3 

■* > 

. p! 4&-\j\ aJ JijJoij S^^Jl £jl>- j~\~/2A 
^y -L*_i ^ I kS jLJL>j ( JoJ-AlJ ^jXLAj ^Jsj p| ^oJ>cJl 01 

^ tf p j •' (. 

4^-lj^|l ijLj ^_UJI J^iJI jj-a i^-SJCj (j- 5 ^- 1 4_wili>- 

•• •" f „ „ •”” > 

J i>- jJ ji dl]j> <1)1 pPjJ * jU-s^XoJl ^3 C-J> jJl Cj'V Jl*» ^\ _yy~Z pI j^J>x . Jl 

aj>-IjI ajI ^1p c3 -^ vaj ^Ul !~La o Ls t <L^oL>«JI ^jp a-oj>-1jJI p! j-oj>JI a^-IjNI cJL>^° ^_y 
L^-Lo->cj ^xJl apLJI <j| 3 t % j o ^.Lj £! j»o<^>«Jl a>~Ij^/ I OjLS" j . J^La Jb >- j L*»Sj t pI 
0^13 jl . jwLsO^oJl ^3 <b Jj>- j^oJl ciU-j {j-A ^j-w^ L o^J! *. J «/? ) j 5^0 Ju/?l jJl 

bwl-si jJ C J-nA>I ^J l (^jJ A-oliJl ^5^ ^J--J 6 jl3 J^lJL) JwLvSuJI ^3 oJb^lj A-*jLj ^jj-a AJw*3 
J-I 3 Jj-*ja 0I3 c i^iSObj . Jus^l ^Jl jJUa a 31 l jA DjU^pU oLs-Jjj 

. j S+/3 .<*. l l aS” jLLo wLflJ T* /T ^ol^j A-s^liJ ^1^ J->^l ^Jl 

aJ| . £*>> o © xx*** t aisLL? ^j^j3j>kj ^i£ 0I3 t UU j 

( — aSLL? 3)^j^i ^|5sJ^ t photons j^p-Ij kJj cjunntn cipL^-5* ( /^o w— ^JIij 

t J-vA’IjJl aJ J^J -Up O ^ jj 0JJ3 Jj o pI j^>->tJl A^tj^l 0! • 

i^i n t ;>ui jjsui jitJi . isu^Ji ja jil us* 5 u ijuj 

. jJ-^a^Jl L^JLJIj ^zJl (l)^j^3Ji A3 Up ^ j+jj 

t* ^ i p ^ 0 i. 

^ J-*J^ S f- J 'S3 l l j^L^a ^£"jt*wa tjlj UjL>- jJ S, L*ca ^jJj-oLlli J-A ^jl Lj ji^J La 

( i_L_; i-\ h>-\j\ j . jyl j\ ojli U_« J-JUj Jil ^ aU_~Jl brightness ^jJa— 

lo^lj A-li ^1 j-o-^ j-9-ljl t H / £ ojjJ ( jiLi>tJ'yi jls 1 *,o IajIjlLj 

s — ■ ‘ ' t f * 

LAjlj_La i\ y->- 4 - a “ljj, ^ ^sLaiu'Vl J^a2j j3 i_»J>-j (. t / ) yO J^oL*J l y> LL>sJ 'L/ 1 lj j£L> 

> "* J i tf «■' 

A-yLU»- ^3 aiS’jULo 01-^3 ^Jap Lo-L^ jwLsA^oJl ^LaJoI Lo-LS^j . ajLJI ^3 -u^lj ^i^JI (^) 
LlwJ i _5^l A ^^T (l)j^ ^3 v^wwwJl jJfc I3 _Aj . Ha Ao^ill 

"■ J« 

. A^slj A 

l^Jlka ^|-JJi pLo— ** pLaj ^3 ^ 3) (l)lj ^r, -«yt3lj 


r\r 



The big bang models ^uSJI £3U-> 

j J? ^)1 (jpjj L)l jl c_05 j jJjl A-n^LjU U <Z*>'j^b i JJlS 

o ^sLii o ^53 ot® t ^^lji ^51 L^i • o ^5ui ^ o ** ax^p ^-^all* 

t jjUl ^iLli5*Vi IAa ligj>-tj ^Jj * y^j £y_^JL jj** - *^ < 1^1 y 6 ^ L^ ^.-^j^Jl 

jl>- ^-» L« _j VO a-JI ^t-*>»j-ij (_£-L)l jjb La .M . ©»Aj~lp a-Ll^I jLij <-3 

^_> s — ij_ 5 ^_Xj >. — ^ y*-* aJ j ^ Vj^ 51 ^Jj ■' — o j ^J-a^ V aj>- jL>- 

•iillA 0l5 ^J-g-3 4 ^-v^LoJl ^3 0>»J>cJ>- yx-*&\ 015^ 4 0 jJxJl ll) IS* V 0»5o N i 

\ jA^g]) £jLj jk2«ll j JJL ^i^-j t j-JiSo O-Lta <ui 015 ^ajJI Ot ^ 1 

^-■Sll 0L5 lilj ViJL>Jl Olio Or-^ ^1 J-* j t (point-like with zero volume?) 


?<Y) 


*>15 JUJI aJip 015 liUi c 0JJJ5 


IAa aj! Jj ^3 aJI U_^l -5 LI^a t ^sX*Jl <^--3^! I Xw« Oj ^S sjLJI L^j>- ^L> aLx^VL! oi 

. 0 (J y>~ jLj I A^j-XptJI A-LX^Vi ^3 {C,\+/2 4 ^J-yaxJl 

Cy* 1 0^-X»oJs^<^ c 4»Lw*w i ^»0 -Lj q^Ip* 4 o^5CJi pLo-Lp ^5U^ 

bjLJLslXo (J*!)L>- * j*JL*Jl ^ aIjL^JI jl^o wii ^l]| ciiJj U? J^OLP- j (. oil) I jt-ijJl 

^-A Ola j-^J^ aO.^zJI ^J-pLaj 5 j* i— ’i-xSCJl Ij_a { jp$ A-fljLv-Ji 

i^Lpj 0 ^a j 1 0 ^5111 Ji53l oi>j U>~>- 0 j5o La ! ^a io^L>tJl j . 

La*xxp t ^ ^ ^ V ^lp ^3 4 cLU^ 1 jjl»1 OIS* a>w«aj ^^LlLX j 1 j^mjC 0^ Lol^ • 0^^° ^J5 ^9 
t^IjiJl 4 homogenous LJl^oj 4 static \y&~j> 0 j^li C-^' 

•- « f 

j-» J-Lo pJl^-51 ol l ^-> J .isotropic C->L^>J! ^-»-»- ^ (_^jL-JCa 

jJ^j (1)1 Aj l (I ^y5>ljj*Jl J-jt^oJl)) Ul j . Lg-is ll)l^«Jl islij Ajli 

(iLls t »JL*Jl ^y> * y>- (_5 1 o j^-l jJj t (_£ ji-l ojL^ijj . oL^Lso'y i ^ ^ L^iLtjc« 
2^*JL diLi-i ( ^ s ->>-d> j>= oUj! Mj t dJcL^> dilX landmark ^JJJa {£\ jl>^j 


Jli ail . jt-Jjj Jl 4 JJI j-L^c . [ Y j ) : ipxJliJd dl a«^>Jl . _^JI jJl dil p ^ ( 1 ) 

<0y (. aW -i-o-pOl *Xaj t e*)X s<p 4 c— >L lS" ^ <J_5^ i ^Lxjj AjI>»^>/ 


cr-^ 


. ^5a»*Jl aJJI 


lT 1 
(J-W 5 . 


. ^ jO^ V l V l l^kAxj V C 0-L J-P ^J ! yfr AjI — ^JUJi I — >j 

[Ao 1 f-l^/^M] VI ^a pXJjl Uj^ 1 j* Qlau*j (X) 


r\t 



4-SoLi ^ ^ olvil s-La OJ^-Lmj JLtfJ . Lfr-Jl d~il ^ylJl 

4 J->«Jl Uj>- _^>J 4 “>L*J L-jL*cJC« jJ— J j^JLxJI jli 4 ia_>sjl . <U^U3\ 

■ (_^i cr°^ 

" » * 

oL^al jJ lLLI ^w*j *dJ Itaj . closed aJ| 4^_£ a^ 2 ~^ 2 s>~ j*JL*Jj 

^L>eJl v — jV^L^Jl (J j->- Lgjli t * j-s*aJJ 4ji_JjL> CuL-jlj L>^JL> Lt^L */? ,,* 

!«wiUJl ^ aJL^SM ikiJl ^51 ^ ^ t gravitational bending j^SUJl 

4 !^jJj>c^a Uj>^ dl-L<w ^-Li-^Ji oj . *dJJJ-> ^w^lp-dl 0 j£ji}\ V,T A 

. a closed universe has a fenite volume but no boundary ^ j jjj ^ 

<* * -6 t- * * * -* t- s 

aJJ ^Jj 4 IjlAj (j^^Jl d)lj Lo jls^ LoJL>* -AJb ^<*j| 

^oUJl ^1 j_^Jl £L_U i?- y Jiili liiCa j .not static but expanding ^ jdL jj >- 1 
' * ' * * > 
t JjU cJLiiSI ^ Jj*>\i cj! JJ j . expanding universe yu 'u j£ *_is^ ^1 

^^1-p 5d^“M cs 5 ^_ydlj 4 ^jlLwJl oJLa> JlLol ^A ^XsL OjJuJs £L»JlP 

toL^Jjl jUi*~5dl j _^5d! j»JIp 4— j jL>^ s . a—vs’Ijj j^l _y L^jI 

*-Lp v_jL^ >jJ (jbUajI ilJL 4 <1 )j-~j ^;J J • J — * Vlj 1 J 

. cosmology oU jSdl 

^Lj pL^l 3 0^5* Jj^l ^Jlj . Aj*}L> LpI^jI ^il^jJl od»A la «■*.>! 

<> > ^ t " * j 

frL^Jl li U150> dlLu_j j _j5 L^o ( _ s JLxJl Ul j tzero - curvature I yi~^ ojLxjtjl 

^JL- ^L>dl ji ^JliJl £_jdl ol5Ul j! (.positive - curvature space y> 

■i - ' s 

j[ . ( jlSCJl t-l^J'y jJLiL^ J y>- ^^.UJl J^aiil ’j^>\) negative - curvature space 
j»J £-~>y ob diCo . -b-l j L^if ^oLojJi oJLgJ ^licuJl il jJL-Jl 

jJw^l Oj5U J jlS’ uils !u5o*i j . jjss 'us- ^UI ^ lul js, 

A^JLaJjl oJ_4i . iSjJL*_s j -uis- t 1 J.S.W ‘U^cS ijLS' j t 

1 dilJ ^ tjiJL>Jl olS' JUjJ j . big bang epoch ^^531 

cjl jsj 5ili5 i5L>- ^ ol5 j t exploding with infinite velocity l$J S jju>- V \sj^ 

> i> j j 

U>- Jjfcj . jUcj^VI dili aJu yt ^ jJl oJLgJD ^jill ^Jo j| . 

LaUlP |J-A (Jjbll) ?diJJJ <L» ^ 1 jl5l jl LjLflJ Aj I 

. Alij 

r\o 





[£V : oLJJJl] 

iVl oJLa Olji^AA {jA 

> ^1 'i ^yJ> JrJ 4AJIS ZjSiM *L* t «>LwJl» h\ O) 

ol jLa— Jl 5JL>-lj jl UjJI *L-JL A^a.^3,^%A ’jjr 1^)1 L5" 4 AjIJb (“^’ _) 4 ( jrfijS/l 

• 0) aK j^SOl 1*1 

1-U <. ^jJL^aJJ aj!«Aj jyJj ^U o t^^Ui a**^ > t^UUofl ^JU» aJ j&j (t) 

c u^SsJI aj!-Aj j\-*& J UI 3 . d) ^J laL^JI ^0 aa US' aj! wLj_) ajL^j a j£S\ 

. IjuI jU- 1 ciita aJLj c f-UUJl ^jj» obu! aJ UIihj N \ jA 1 
. ^A-iJl ^j-4 3U*jl 4 J[i->- Jj V <1)1 ^ 5 ^ AjIJlJIj (T* ) 

jJUJU oLil UUS . jJUJl aIji ^ \\ V UU3 SI ^ JiU J.UJ N J 

. AjUu** 

(1)1 *— 5^ ^*-oJl ^jA d)[ C A^aImA ^1 (. (1) 1 AjL^j Uj ^S lil 4j*y l (J JJ US' (O 

•• * * tf * * 

. SA*, aJ (1) j£sS d)l Jb AjIJu aJ L* ^JS” 

Jaj tluJU If; jJUJl I*,! ^1 #Lll J! njul# Aiji >iJj (0) 

ULfc l*aJU- ^1 fJUJl Wi jlA- Jdl s>2)l a« 

aA-v»_j _^i!l A^..> aj *L>- j*» t jl ^>1 A_i »l?~ JU t «lj|j» aJ ji j ("0 

. aJj-1» c~L»- t^3L*j aJJI Nl <.|jjJli»- V (^1 1 {j* -X*-ja V Ajl _ j^JL$[i<JJ 

t j i*. ~ i«»«. « i J I l -^' i AjLs»™p ,J-:>«J( (V) 

J* « > tf * 

xlj aJJI 1 — j\z£ ^ji t aJJI p-LJL; jl ^)1 j 4 j^i>L>JI ^ L»S 

* j 

(3-W» *xS 4^*J 4 oJl* A^kj^SCll ajVI opL>- (A) 

^ Nl 4 - *3-*-2 (*-^ JjLu>JI piLLo t\j>- ^jJl (^^) aJJI J j~*j aJI — »j 

^ ajL >«— — 1 (jJLiiJl ja olj t iijLl ,jJl^>«JI 4 !#^ ajI UJj U 4 ( jj^ r JL*Ji 

jit 


• I £ * ijA 4 ( \ *\ *\ *\ ) Tjs lC-iJj-I' 4 4j j!j PjrJ- jloJJ 1 # jl jii\ ^ j _J$L!I jl^in p-jLS' ^lijl ( \) 


rn 




jiil L*j j-. LJU jliu; :V,YA J-ijjJl 
^Ja. ■.«. Jl IJLfJ (j! . 5 jS ^Ja . ,j 
a finit area but a ^ j b 
jl Lsxi—j. Li jJl^. j! . no boundary 


ir°-> jj- 3 i>? o^" O^ri 

4_*_ui jl . edge or boundary jl_p- J\ JJLj- 
o P daJaJl aLj 4 j-mlU 
j-j-=r>JI jjj iP SJaiJl jji ‘» j-rr^ 

0 j J ■ /J il 0_L£J 1 7 ■ ■ ■ 1 1 T ' Lp j! . ^ ^..- .Jl 

• iby! y%‘ oli 


. jUj Vj olSLo Vj ^ ! 0) ^ N ?_^JJl jUiiNl JJ ilb» Jbrj, jl5 liUj 

" ' ^ „ " > a ' ' 

4_*JJLow^ L^_L*j>- 4j| jJcil a* t4_JL>eJl lLUj tij J^Jl i!U>" oJcL JulL* 4 jlJL>*J| ^3 J 

!Jufc £L>- jl JL*j j^Jl apL—JI Iju jl j ;* JJ ^Sjw ji j . all . - X--& j]\ 

J ilj J^Ji. y* j . a j-iUo c^jj-jJI ,yi jjiJL primordial event ^Ijhi^I j-uJJl 
ills- j-AyJl SiaiJ LajL^pL singular state «iJLJajl» aJL>- <, Jb>Jl ^Jlj 

■i * s " 

jli c JL» UjS'i US’ j . (^UJI J-Ma-all J&l) gravitational collapse j^iU- ^iU&l 
JpIjJI y«j jjhuLj ( j-Jj t<L]L>Jl jJLl; y* exploding £, ->yj jjJL*Jl jl y& (3 yJl 

. imploding 


J^M2X)-mJI yajJl Ojj^l-J t 4-J^^Jl 4 jpL*. J l 0-1 a -A> jl U 

✓ ^ p, p ^ } 

JLa C-oL <Lo-a3 ^3 J*j V LljT t 3 Jw^l ^-P oJlA ll)| . jL>ejaj V yi -X^« 

. ^Lp ^ * — A 0 j -^-P jli C (JjNl . 4-.a.AMwtf.J>tJl 

p p ^ ^ ^ 

^lpl i^i ^ U®lj C j^-9 ^oL^J Jl 

** " ' ' * 

. U Ip 


sjjjLp ^j^y, til) Vi t jj Jj t ( S jl <c £~ju |*-^p wJU? i^Ij) f-LJl*JI V (^) 

oLhi^ jl <>oL^» oAjlSCj <jl c iiJLl Oj-i ot~-v-l ai «ulj . <j yC* Il*JIp ^-p 

1 1+; Jj ^ Jr*W^» ^ - ' -< i l iL»l«J! UK tlj» jKJj j^SOl mUL 
^jA jUb j^5j jl ol — t- U— J l^a^ M LUl ^-*1 »Uidl jl U 4 — «Jlp 4Aj jUtf 
4-J^iJI oLjl ^iVl 0 yj_) U jl a* U & j*_pjl>Ua ^ t j^«UJU ^-A t jl ^1 jl j 

lT '"' 1 -^i i_r^ 


nv 



^closed ft open |*iU)l 5i J* 

l] jls*3 ^ L^iSsJj c Jj>-I j jIj 1$jI L^Jwo L aLjLv^j <1)J 

LJIp v_a.../?.~ cJlil! ^-jaJI ^iL«j (_}^" Ali t^ya^»-Nl . A>-I^Jl ^5 

l^ji o-j- t .li ^iA a bi^>s_a jU t Ia^S" OjS • AjVI jyil 

Li» ./jsl l)j-^j As ijjji ! <uJa>- ^JJ aJL>- ^j-a LgJ Ijj . 4_aL^_i\ iL*j| jyjl c a - a ii 

j_AA*o *_ 3 lA^S” 0| * ^JLc- 0"^ ^ p y*-T" ^ A-)A>tj Ol 

^ 'j . -a aJL>- ^ 5^1 ^ ■«■ i t i- H Ja-oJ l 4 jI_£j ^yi c QsLAj jJt> c ^j-ajjl o jAflJ ^-*>>^Aj 1 ^y3 

J-*_v£> I J . «,l3 JJ U.iiaLj ^y3 ^AAj wJ- Vjjj ^yi £_£AAj j»_j t C-A^kJl * OjAjI 

infinit density and ?j' >>*JI «L>- jaj iilAiOl ^ 4_1U~ ( LL i c^JwsI j 

-k-AJL ^r^S^-Sl jUxiJNI j-a tiJL>Jl oAa j .temperature 

j-a aJL>- jj^Jl ^yi a ( _yj, v_3 il tbig crunch -> 

^w>jj L»a~j t ^J1 jL>*-jijNI ^j£- oiAtfJ \jj .,^~ V,\ H J^LaJI j.,^i3 .) j . ailiSdl 

. v,r • ji^Ji 


Radiation 

dominated universe 



Formation of 
galaxies 


■ “AjJ ^ytiJI jj ■_ r — jUud'i/l ^ jlliJ jj~aJ \S ,W ( JSLtJI 


r\A 



vTUIH h 


Type If imiu-rM' 


inu 


inunttc 

dispersal 


,?l Type II! universe 

j ^jdJI y* 0 ioLgjJl 1 aJL>*JI (3.) ^y ^ y \ V,T * JisLiJI 

AiliSCJl jJU ^Ji Ul^ d j£i\ l*-u_p cL 1^15 o1>wJi J^jJ 

fc^_jiL>0 tetJLiJl f* ij ^S" l>0 j-w! (_£ y*3 (b) ^y L*l . 4-JL^j*^UI 

& , ' ' " x Z \ + 

^Jl L^lS” ~b“y>x^]\ OOJl-j 3i ijyy-j jj3 y» Vy>^a 

■ ^ 


jj>Ji ^rp i— t <cii J j ^ ^j- 3 4ji ?pJL*Ji (j- 33 dj*^ 1 ^^jdi ^0 

j^Jlj 1 Lviul dU I .iS^a j . tlJldlj ^jliJl ^-jdi ls^~~ > j~**~’ tir J ^-° J-s^Ldl 

<< << > i "' 

^pjj j jj ip ^ ^ 1 ^~w> UL^jl; ji Si ^ :>l£Ulj yi j t eJldi ^y \ ^-Sle 

> > p. > " ■*' 

. ^jUJI (JL>cJ| 4_JlP Lo-S" j c^L^dMi ^ili^i^ 

-'-' p. / . , 

Einstein - de Sitter _ ^j-iLldLCjl ^5j_«_il jV— *lj t LvVj I t dj'yi £jjJl ^3j_«~>l 

»Lp iaS isjj ^ t5 >Sdl oIa lJul ysjy SVS' j\l i model 

n<\rr 

( ^jijLdj_i s y e,iuji e jiv oij t ( ( j-woi_>di jw2jdi ^iaji) jj- 33 isj^ss 
Jlixw) oli IdSL * j . Aj\j_y^> db>- geometry of spacetime jlSUjJl 4 _~.a^a 

^3 ^jl UgJLS' 4. a , U o I ] ^^ UJl . AJC-^-X^-A , 1 d-^* d-^-Xjo e ^3 ^*jl 

jl Lgd fT Aj- j" ,a. <> . JI g^Lo-dl jli (3L?wwJ'ill 5jl«gjJl 

All closed expanding models would eventually contract dl^TiUl ^Jl y\yy> •: ~ 
to hit the big crunch. Likewise, all open models would disperse their galaxies to 

infinity. 

*•*■*) ^ • f p. 

t Lo Lp jj dc- jlj aL. j c oMl L^LsEj ( _ J dl j 1 Jg I ^oUjJI ^Jj 4 . ^ J L j 

r\<\ 



SiliS* ^ jij \ IS" jjt |jjh Aj j > cJl 4 j>- ^^jO/I ( ^-o 

^J bl LI J . bl dj&\ 4 AlL ^ o A>-j>~ 4 *»^3 A->AAj La tali . ^JLJl ^3 O-^LJI 

. ^ jlL cLUJlS" 

^Jl iiliSCJl I 4 SI IaLa ^LAa»T 0 N 3 U* 01 ^critical value A>- ^>Ji i*JiJl ^ Lj 

A^wiiL.^jjlp IjjlS" ol Ijj^aj 01 <-loJ-*JJ ^j£L*jj . JjO/l iyt 

^ya 4-*jlOL>cJI ^jLa O 0 L 1 3 00 1 ijAi>-j A3 LlS” LOJ^ . J^La CAjD 

A-o^s ^Jixj 0 ! IajLs 4 ^L^Jl^JI 3 a>-VIj LA (JI^j 0 ! l^ L* Olj ^ l ^ ~z ?* 3 ■*->* ^ 

4 Jp>AT 4 _~^j ^JLj ^J>-l 0^0 ^A>AA*o C-i ^vJj . LLoJ oJ-A 4j>- ^j>J| iiLi^Jl 

0 j-Jua y° 0 ^JLp ^lLu vaJl ^-A £jj>- 4 *LJl 43 !^ ^jA jy~-i L$-»j 

critical 3 j>- ^j>JI Sili^Ul 4 JI ^Jlp <uJl j-~J j . 0 ^-JL« 0 0 ^Ju> 0 ^-JLo 

U-l ^ 4 jl Uali* ijA—dl U_^Jj . closure density < 3^)11 jt <. density 

. jIjlLJI IJLa SiUJI iiliS' ^Jxo ul Jo *>U tto close the universe «jJUJl <JtApl» 
llUjb jl |»-j • 4-1 j g - - ■ oJuJUwJ L0--0 O- «.«>*) j 4jltS jli tJh*" *ul J^-Lpj 

Jl*j 4^LsIh~»i Lo j-®j 4 j*JL*-«Jl jA*L* ^—j\j^~ ^Lc- iJ j - /3 .. > tJl cjl_ipLsA>o 

(_5jJl t (5 ji>-l 0^1 4 oLipLviuJl oJla oaS’I xlLs tJU>Jl £jl j . J-J-s 

** ' , * > 

. seeing is not believing ((JjJUaJl ^ c*~J k>J J\ jl» Jji 

^ 4 LJli-o jl L>-^Ij3-a j^Jl^Jl OLS" 01 4 J~£* <00 j0> oSLlaj 

Lo jji> J 4 ^ ^»Lp ^ 4 j_a Jo ^3 I 0 _a AiJj . ^ o^Ljl ^jb 

. j~£- 4-v*»JJ^U ^J-vAX-*-wO ^»Lol t^LJl £zSJ 1 j 

S 5j 1* ill j>l,»r>Vl JJJJ jl ,jiaa Ja 

b-sJliaj U bl bJ| . ^3 IaU A3 Aj^LjLpI 4Jsl>~ ^3 4 j! 4 jJiJi 

4jb_> (“j-Sj Jij • (j-'-*-^ (_$lj UL~>-i bJl jJ 1 j_*jI oliLwi 

( j^o yLa^p lip AvJj LiLlU ^0 uOJlij v — >l>w» <>si?U ^IajLU ^ c^ilbjj ILo y^y 

" ^ - " s t ^ t > 

Aj I ^13 L> l-aAj^U 4 Ia>- 4jLaLw* jwLJ 01 5wL«*Ji jt-ojOl 01 JbpxJi ^3 -LmJU ^laj jij . oLLJi 

. 0bi3 IA>“ 4jLoLwJ L^Ji 1^0 


jl y* *yy ^°b t '^| (j^*0 c p-LA^Jl 


Al jA Oosj jj o2jJj>- c-bj ^AJ! (j j-SOl ALl^ <j\ ( ^ ) 

„ * 

^y . i AjL>u-^ 4JJI JllP AIL ^AilS t pJ t yd] 

rr* 



AjjljJl J^lp ^j*iL..«. 1 01 . ^~jd!l IJLgJ la .... > j— — » oSj .ilO-Aj 

oJL& LaJLS' tj*_^»«Jl Jl*j LJ5j . (VjT' N J^dJl Od) iJbljL^J! 

Ajd*» Jylp s y*-^“ -^-*dL) dll l Oda l ,_jO> _^il ■ Aid»^jl £-a d~«^P ij y*A> J l AjjljJl 

^yi ol^a jZ*xj 'jX^fp\ Lfr^. >»■>- jj-j 1—9 y~Xs l T j ‘ Ajd— d>- ~L*j ^Jylp {j* jd 1 0^? 

. j V 1 <»j Ido aJ li! I aJ 1>J 1 

JjIp Old Aili >N1 J-do V JO j . (J^JlJlSI a—JUa ^Jlp JuJ>J a^juJI ojiA ^^50 j 

^U*>i 03 ^-*1 ^ Uo—Li j_ 'V otSU^Jl o^S^-* di-.-o>~ c ^la O ^5* 

4-ol^xijJl J^A-P ^ Ullj JL3 U-5" t J^oJL*-) oA^UJl p ^s^aJl 4j<Ki jUw^a (jl • 

SaUl J15 jUJ » <\d>J ol ^5 Uj <Jl£ LkI LJlj oiJ j . spacetime geometry 

. gravitational lensing ^ jlp ^Jl JjSjJ ol ^SUj ^ j t jUKl o j^>- jKI 

o^lj UK j c *!>L*-9 t o*>LpI (_£0-K^M ll j Ji^Jl bUi*l LJli IJl$Uj 

. z\jCj s )} I IJLa Sbjl UK coj^ll ^ oUJl UK 

jL^-Uj <UUj . jJLoJl ^JUJl l^J^^o>cdK ^iJl 4 j>xl^jJ| ^Jl jjallU 

^1p U>Ui» U j^Ui^ iJ^U* JjLU V jV T ^SUxJl ob c (3o _y^l 

. (j^wLKj j*£* UJLp (b) ^ boK I UJU (a) ^ ^ j*$ t UiUj ^UjI 

. j^ UJ l Jilxjol ^lj UK t jl t^xKVl ^JUJl ^3 ^jaUaJl J-Uj 

AjjljJl OV t 0 Jj>- yS- A>t— iJl OU j»JL<0J AjJuJjItAJi ‘U^JU^Jl ^yS j 

. aI L—'J I jLijL jLaj*VU ^y* <. ^S/l Jjl ^ j J ./a *> I i jJjIai ^yXM 

ol 3 ^l^ji oi t (b) v,rr jiO^Ji ^ u ^ u^j t ^ju oJUij 

■■ ^ ^ 5 

! C^a^o asO~« Jj«j jj < la 1L 1JLJ Lfixl J i Up IaJuo ilj LoJlS t ^0^1 j ^Jwal j-LJ 

> . X V > * J, 

j_jjJl Ql .,>a 2»11 1A_* ^yi^j jJj . dp J_*^jl dJlS* dkj^a- ^0^1 j ^ -/» ^ ll jJ — j IJlS0*> j 


LjjJI Oa 2* . i l ^yjj . Ajd*x« Asd^J Jyd 0^ jJ-vaj j-LnAL«JJ ILUJI AjjIjJI 01 dljjil 
. l« j*d2x0i Ols oJla minimum point 

A h A ’. 1 1 00 iajs-N AAddxJt _j^-»Jl 0 1 ^SLSxjij ^Li la_LXP j 

Odd IajLipL a-1 JX>J>0 1 AadjNl Uddl lilj . OJ j£S I odJl AiUS” Oilj dJL5 J_4 j djjJl 

^-di A^-l jl Jyip ^-Aj _ ^AjddLiT j-a_il ^yJ dl-L)l A la a '.Jl 00 t JuxdJ 


. <-» — X_0_®|OAJ ) 4^.. V ^ U aJoLp iJLs LJ ^^oUJl yLaJl ( ^ ) 



Apparent size Apparent size 




iJl . f-l j^>- ^3 ^lill £^JI ^oU-f ^3 LJ jJI AJaJOJl ^u LoJ^ t \ j T o 

*\ j^>- O^L>-ljl ^3 l OJ-ta ^jA Jl*jL njxj UjJi aIsJLJI 0^3 P^lJi £-SL<kJ (^1 

^jJliJl (Jli* C iLsLw^u J^oj) t oJUx-Jl (_£ ^AliaJl IJla 0[ 

X «• fr ■" 0 

-X~*J jJuAo “LolU!! f- j...,aH i*-il 01 . ^-<3 4,11 <tJl l^s^laj l» _^Aj 

AjuO ^1* Ij y*P Lg-^3 ^_£ A4 j ^ aj J C LgJb ji* ^3 ^_Aj ^iJl A-oLnAjOI oLoJl l$^j>- ^Jo 

. oJujJI j^U^JJ 

jJLJI ^jj ( jS' 1 1 JL-oJl <L^j>- c LjLju 01 c -j>” jJl> 10-A jLjl>-I 01 | i-pjj 

j . I^JL>t^ aJ! t JUJI ^olj ^3 t LxJ ajIs t aO ^ JJl 

a1jU>JLa j^L^2-4 AAjLU Aj jJ 0 01 cJ^Ij ^ A*_~JaJl 01 ^5^1 OJJ^ ^3 

O- ajI ^LOipI Oli t oijlj! jS ^1 (,ajjj^\j j^V^oa ^»l ca\ j>*a c-olS*l f-\j*Aj . ^->^>Ji 

f * > * * ) 

<_dLJLz5"l Lo jJu I ^jA IJlaj . t ^LuJl L^-o->c-?- ^3 LowJip i ^jlJo ^ Lo 

. Lj^l aIsjOJI £l3 yA ( y^AJJ O^Apl ^3 ^LoJi 

C ( j-*'*^3j2J I t Aa3Lj Alw^lS" A~o-fcl jL*l>-Vi IJLgJ 0^3 C «*ii-ta ^jA |*-P jJl 

10-& l frJ lP j^ Ja j 01 (0^^ 1-0^ i j^l yg .-o- l l A-wOL>«JLa 5 0^ | 0-^>«-<Jlj 

. cOUstoJl AjL^j ^3 i, ^\>vZj 


J^l jL^VI ^1 

i 9 „ 

i ^jA *^1 j Ji+fr Jaa -X^-oJl^ ^-^*>1 y^\ 0 0J, 

01 0wsia-P VLJ>- * l.la.aj LLJ Aj|_j 4 0 j-<0L> ^ ^LjLP 1 ja\ c ^^-11 J c A-_j ^. s^Jl 

4-wo-Lp ajjLa>» i^j l Ot^ J . J-jL* jL>t-tf_>l ^j-p LIj ^Ls aK OL-lJI l-i-A 01 oUj^ 

. 0 J _^ygJl oJ-& ^3^ 0U» j-Jl ^3 1 aJL*3j1 jaP 0 ^Jalj 01 Jj t 

t 0 >JI oU^*jjI -Lu>jIj1 ^^3 4j-«Lp j^SOj^a'yi ^jL^jLI! j_aJj 

^3 ^JbJl ^o U j J ^4^1 I jjwLaiJL j»Lp ^Li . dUcJVI IJuk ^ 0 jb’L. > 

' 'a tf 

. aJVjJI 0^1 J 


ojU^JI tJL^j>-Nl ^Jl Ot^XAiJi j\ c ^UJl ^>U0l ^ Jj-s4>jJ] induction f-1 (\) 

. Ul»i ajj ^ s - ij^-^ii aJj iso iajj jZ 0 a>j')}\ '. y&* . jOi J 



4ji J u >* J 4 ^JL*J| 4_lL>- 5 ji ^JLoJl A-S^Vl y2J>zJL> ^L£ LoJJ_P 4 J I 

. ^L*J^i y* J-JLSJl J-JJsJl J^Jlp j cLJLp oLjl ^1 p to^i>b>J! y 4 ^ 

4*v<kA ^ i ^yiA^z^J C ^^Lp 4*uL^^eJl *Cj 1 L_-*^ i^J wi-flJ 1 cJ^L^- ^j-O^ ^ 

X J S * > 

’jT^ l oi aJcs3 Lo ISJ jUJ! S ^ oLs c jt-lxj l^Sj ■ AjjLiLo <oLJJ 

.JJ>-ta iiliS" jl Sj ^Ip \j^ A?li i^yLi] . ^iliS - yS\ 

2 ^ f . p * / p ^ 

Jjj j . 5iL»Jl iilii oiljj ^y> f\r* Lj JjJj AiliS" . I . ^? j I -Aj^j i^J j*a 0 j^Ji 

4_JLp ^A UL-P c^I^o j_JA-*_) pJUl oLS* Lajj^p iiLl? ol ^-Lp- ^L)L*~w>Jl 

Lo I 3 I ^pxA^Jl I-L& ci j— J J . ^j-Ji ^-Lp ^A U-P a^o k-i^H o^aj 

^v?LoJl ^3 1jl^_) Lj Lo ISI Ll>! j-oLp (Jli jJLb IJJj . x*_j1j .-L*jI ^v?LoJl y Lj^-w* 
^^Lp <u3 o^S" ^UcJj*Vi oL> Jb>tj t^3 j-wJ3 t iitiSUl ^IL pJL*Jl ijlS* Lojj_pj 

. jJl <ulp- U_P j^U-I Ajjl __p- Ap-ji cjl? Jiis jjAJ . OiUJl 

t vL«Ji^/l aJi_p £-~“ J-’ ApLS ^ jla-.ll j^Jllli _pjlp C jit./O i j 

- ^ •■ > i 

jJiJ j . 0 A^ojJl v JL>Jl dJJb ^3 (. CJ ^Jl JJ l 4 j j! j_>- ^J>- j3 < — L^5"j 

c$^J 4-^3 l)L? JlfaJl ciLJ^ JL> 4>sL<^LaI jUi 

^3 c Jl 3 ^JL*Ji ojl y>- 4j>-j 3 oV uiiJ^ 4 -^jLs 3 ^Jl A— > LzJ ! 

4j_J3 C^llo 0 ^^^ j^Lp ^1 jJ>- ^-o 4 AjLo ^o V — J j^i t ciiJ^ 

' ^ * 

oU-~~pJl o li ciLJj ojl y>xi\ ^3 4 ^oLp (J^3 J . Aj ji j^>xJl oL>-jjJl ^jA 

oi j-SUj 4 oL j^Ji j oUj j-jJl ^ j 4 subnuclear particles ajj y J! c^J 

, j>JL*Jl y* LaI jj ^i)i ^jL-<k-^L!I lixJl y jj y^j&] 

^l^jLJLo 0 j! y>- oL>“j3 4k^JLJlj ^j-J-vajaJl ^3 4 Ll^j>-Ij LjL ^S'i-Lo 

C-J^LpIaxJI JJ3 4 ciDu DjI jJ>n Ji CjL>-j3 ^3 4 ^ jJ>clJi j| Loljj 4 ^ jJ>tjJl (Jj 

Jlap ailiaJl ajJ 4 thermonuclear fusion reactors iji ^>JI L>-1*X>')1\ ajj^JI 

* jZ+j (J^i ^3 a^jLawo ci-jij jku <zjjJj>- y* ol ^.oLp L>-j a_dJ . Ajj-Ul 

. Oj£)l 

®l® V^W oLo^A <1j jjjjj yi}\ 43»o 4^JL*3 j ^o 4 ^-oLp 


I y\ AJaL*J! 3-ipLoj! ja ^J! ! deduction ^^-LaJI = = ^bii— -VI = 0 ) 

lT 1 -^3/ u^J^' : *M ‘( JJj * 93 ^' l^* L« J 5 



4-j^LaJjVl oJlA v — v — C-S 43 4j>~ ja JaJI 4 ^-q. ^ o. > ^UJI ^ c(((^»J «CJ»J 

£_a 4 Lg_*_3 J-aLlJlj A.w^Ldl *J1 jIJl>-^!I o Jil_*JL*^lj Ll^- 9 La taij . L*_i j^j pJl*Jl jj ^3 
^J. */s. >~ U-s ^-«Lp <jj L)l LuL^aLj L)Ls i ajj-UI jLi\ (J jz>- ^iJI li^Lo^Lx^JI 

* * it- ' — 

o I ^3 oL^ L)j^Jl OL o^l j^~L«-i ^3 ^yy>- £-L>qj ^Lp 

t helium ^JL$JI j t tritium ^jl^JIj 4 deuterium jlSLS* AjLiJ» ^ 

<uL<^ L)J . A*Jj Loj L)jJjl5sJl ^-a C J-Aj'yi L)l A»*l^J ^3 (^ AlSCJj 

Jj ^-jJi oli o j .al^,^Ji Si j-Jl cLLL 4 ^ ^J^Jl SI jj UJsP lo j-Hj < — A3^Ij aJj^ I ol jjJl 
di-ta ^3 . 0 j*S* yj Aj>-Ij^j A«wLo-*JI L)i-9 d-Lta Jl*o Lai . Jj-Jlj 

(^gjj ^j-a L)^5 oj ^>-l>- jj^ aI^Li^j id~>- c^p^-jJLS” aJL^ ^ oL^i ^JJlS" 

Lulj J-SJ J . A^jUjJIj ( ^yi ^jl jjo oL>^w^?tJ| ( j-a J5 _Lp ^JlP (_£ j_1p*cj 0^-fiI_A^wO j^P 

4 jU^Jl ^J-pLilJJ ( ^jj d-> jj aJpLw*j^j 4 Aj->«jJl ^Jl A JL 4 aJw^L^^JI dJL>- L_a 



rr o 



.jS\ Jlj : v” v > rY ' 




m 


. jt> y» '■ 11 V,Y'Y' 


j , V ^jUl J-o-*.)! I j-* <1)1 S/I . ^ j. JL4H Jj oIAj jj-o 0 ^jLSUJ o!jj ^wzj (_^jJlj 

(_>_0l • /? 1 ^jJl jjjj ol <j-? J-iii IwL$ 1 aj . ^Ss~»Jl ^ 

. A3 j3 Laj (1) 

f, } 

The microwave background iLSoJl iiLi'ilt 

u-i^A i jL I jLb> JJi3 . jOJu jLa j^j ^Lp *Ailj t jJLta ( ja ^s* ji\ ^Ipj 

LgJ Jj ^ ^1 J 4 aJj'^/I oi jjJl ^.yg aJ-<>P j. >Lijpl ^3 A-pL*-Jjl jU'y A*_AJli>- i-llb-A j j-S'Lt 

AAj J^p AjI jLa jjb j jjl}\ jJ ^j_$L J ^1_J . I Jj>- A*^ 2Ji>tbo lj\ y>- oU-j^ j-Jl OijJ 

^oLJLoJl ^Lp C-’l>- ^j-v^o J>- J-aJl 3 4 Owi_A ojl ^>cJl Aj>- 4 aJL^3.} 

' •* * * * > ' 

L^-jL j-atp ^^3 jJOl LoJ~j 4 jA*/3 Si Coxj Aj jLa Aj>-j^ Y *"IA La ^1 4 (5K) JjJ la * ll 

<^_jLJp a] jj-S\_> jl Jj V AjL t <U3 yi Lo-S" j 4 £'L*>Jj^/l Ijjb 4 O^pCjj . (7K) ^jA ^Ipl 

" * ' . * 

. ( uLv?ji ^LJl J-s^jaJl ^isul) jv-^ 3 

La JJP 4 ^JL*J| (j jA Jl oL™^i>- 4 ^>-L ji A^- j J»j 4 jjObJl IJla J_aJ j 

j j-^-Jl ( _5- 3 LaI^j ^bil ^jL~<w^Jl j^p Lb*Jl ^JLL) c-3 j-wJ aJj^/I o| j-Jl jL> 

jJjT Lajj^i ij^lflij . ^ j_>oJl ^ £_-bs^ Jl3 AjI Jlj N L^-JlpI (jij 4 L^JLS" 

jvb-u2>3 ^1 <l)j^ 4 0j>- j^o 1 A-«-fl-L>- t ^Ip 4 J 

Abo *1?- (^JJl ^3 I -IaJ- 3 4 V,Y* ^ ^>- j>» (J J^.J L ^ ^ J J*~* 

LIS oiLs 4 j*s>- y^-j' ^9 4 J-o J j-aJj ol jZs**a ^3 Lo^-L^p Jcs'j . ^L>c*i' , Vl IJl& 

^Lii 4 (VjY* i ^Jijl) 0^5 J-Sv-Jj ^5^” Lp jb^a Ljl jjb 4 JUJi ^1 J ^3 4 jl ^b>tj 

^3 jl Lo lij-?- jl -Xxjj . ;: 13 t *>j5 0 y>^A ^3 Aj^j^I jJl oJLjJl 

jj A3 . {$ jA^ 2 Jl ^P (j&j 4 ^JwaJl pjj>jl jJJi JyL JlaJls 4 olla^-N c5^i ^L*-*i^/l 

4 ciJJ^ ^jA ^^1 jj-wJjJJ Jb ^li 0-A3 4 La O^j-L ^Jp L>JU jJLv 2» jlS' 

! A>jp J j JaJJ Cbjl v^3 ^IxbwJ j/ ^j| ^^a>«J3j LalJ ^1 

jLa^Aj *■ — , J J m j^ 1 j^bwJ^j ^Jl ^-AbbSCJl I Jjb jLJ>- 1 Cb-l-Aljl j 

oL>t-jI ^j-p L>«^L^Ljojl^I ^Jl yj L<^b5sJj 4 LjLaj j^p oL-^I j Ju> 

^3 ^L*-^uVl LjLa-j Li^j^jb jl L^lijaL jl5 -LaJj . a-ajL^JI jLo j-^j j-aJT j ^-oLp 
oAjI j ojl ^>- A^-jjJ ^Li)) jjjw*_<»Jl U 4 *> 0 4 Ij-SLaj . j^w-Jjjj obLfl-^ijjCa 

Astrophysical S-^JLiJI Si^JI jJJ ^ JJl j 4 « 4 osoM c/s ^ \j 




dJ-d jj*> cpLo^_5\JI p-L^-Lp ^«j L *** ^3 c \ ^ '"l o ^Lp Journal 

j^Lp Ij-gJ 1 3 . 5 K jj-o ojl jp- Ap-j. 5 jjpdjjj JJa>- dJjJj 

black body type of 3 j-J\ p— i>^ j- 1 — ^ (^jJ! u~? ^-*—M ^ ^ j-^il 

alJo_> t t ( Jpld '—ids j^Ip tJ j-** 2 pJI j->u |»-iAi]! aU-o-p d~>LSj . radiation 

<* ^ ^ M / f. # 

. AjlJjd>tpO <11 jl? CjU- j >0 J^lp ^^LaJ S-iJ^la C~>Ip I ^J su t SJ^Sl 

^>JLJ! cillj <• oLjL>t>U LxU 3 j_^>tJl vilUu ^Jl5TI V,V 0 Lij^j j 

0 ^1 ol • 4»o^^\Jl a.*saJ«^cU i ., 1 ? * *» I ^ ^ p I 

Ajih^o ^3 £-Aj I J-A <iLU Ig^a jUj . oLla.*-^Jl LoL>J 1 jJCj j-gJ 2 . 7 K 

SjA-i^ll 4-*-fi-ld>*-i o^Lp c_ 3^-*J oJj& £'L*-lNl <-%l_lj>- (J^ t ( ^ — fl-> J J j-Sl LoJl) dJL*3 jJl <L*_JjV! 

. microwave background i5J jJI 

CdldJLw*> ^3 C 4j j3 4j ^v2j C^J^I Si ^lll £d-v£> ^3 t I jpolp S ^Sv_9 C^-w^I -LflJ J 

( j-a I j_>cJ ^_Ujjj t |*JL*Jl ^3 <■*..<»■ * ? ijl £Ld-*Jl LoJdP- (l)_^4Jl 

^3 ^ 4_>tdUj jl H-* j-J L^j j-*Si ^ 5 ^ ^ lp ^- x^j>c_>i 

^ ^ > 
^Jddl 3jj Jl£j t li-^J jj_^ 2 » <P-lp- iillA O-ilS" JlaIj IjLSlaj . LgjLp- 

Jl J^J o\ ^d>U ( ^d iJ . UUj dJJJJ d^-LJ! >Ji ^dJl 

O^J A^-jIj3 Uj3j j jS j . Aj ^’dl oii ^Ul lil J l A^/> JLaULJI /.\ * Jp- 

rrA 



Frequency (cycles/cm) 


Iqj ^li 6j~~SCJI oL^LJiJl i-LP p— ^>xJ\ J^alj • ® 

Cosmic Background Explorer aIJ j^JI <JlUJJ ^L../j.Ji ^JJI 

i_JaJ li_a . 1 j»Lp t(COBE) 

. JUJjl 


t>? t ^ ‘Mv ^ t Jij-A -Cyj jv^jj i 

. 4-J J N 1 ol ^iSl jllwJ A^I-Ls*^ C-Oljj t A<LLJl JJ& Lp 4-w-i jJ> 

Astroparticle physics a^^UII oL~l>Jl *L^i 

if. j i 

OjUp -AS ^-—SCJi jL^AjNI o ell ~-H A-^JLtJl oLa_v— »>Jl pLj^S ijl 

. •oLj j^Jl j*-Lp oUjlaill t u ^SJl oLw JJw^> i ^jLoJo 

Lw» ^ J-3 i k^-JL:>*J ^t-g ^3 ci^>- dJ La ^fOl p-LoJlp jL*/3 jJjJ j 

t particle - theorist school oL~*>Ji *U1p a^jJU> jl ^JlL'I . j^U- aJ 

»!)( c— j 1 ^pI ^a j^jLp jl5lsl o I ^jj 0 ^li! oL*»a>j oLloojI ^3 j^ip! ^i!lj 

<r u c_9^xa Lo.O t ^Ji jU^jJjNI Aj A3 jJ>- ^Jl OjL?^jI Jl3 t ^ J,..,/?j 

l _^i 2^lJ^Jl 1 Jla J_J til . astroparticle physics programme a^^JLUI oL^Jl 

^ > •* 
O^Lc-liJi JS 4j j\aj ^jS> p-L^d JLoJLp 

i g l^aj ^ pLaJLS" iajiLo^oJI A3^ ajjjLj-oiJI 




4 wL^>- I Jjb ^Jj^o 4^ jJ>cJi ^ 2 *- *dob>«Jl J t d*>i j»iJl y «i3 

AjIp d-> 1$ LL? O^Ljl d^Lo*ws,ww>- ^Jp-LLo L*.AlP ^-4-JLSdo y^i 4jLd C lJL>- \^yS>-yo (jlS^ 

•fc^l j 

^ j\ Oj-y~ ■> ^ji IJLjOj LJ^i accelerators cjLc-^d 

ol jj oU_-^_>Ji o*>LpUj 2—ljjJ c ( V,T *\ J5LiJ!) CERN or Fermilab 

c-La J*jU>- ^ J j_s£U>J! ( j-SL>-; ( _jJl C^liLlaJl o -La j^JLc-l t j-51!j • LJL*J! LSLkJl 

^ 'j£\ Lx-j 4_Jl ^aJi .ijJLcoJl i_j-LgJl jyJl J.^ 2 ) olc^— ~«Jl 

Jji 1jJ_>«j j! c^L»_ww«j>JI c-L*J_*J J_al bl 4jti i (j ji>-\ ojLot jj ! (j^-J L> d) ^-Jwo 

. . . i»° 4 ^ ^ « I J ^2 .) O l 

ji-JL*Jl ^j2->u £. J LflAdP bJ^ (JjJi . 4il j^ <Jl ^JIaJI I j j yju U 

bJU Juoi C~>\y>*-A ^1 j\a*)\ J*}b>- ya 4 j ~$ bli 4*Jb>- ^1 i j ^S!j ‘ * 

L^JlS' ^. y g, , - ) ol^s-^j>«Ji oli o-cddS"j c ^bi^Vl S.Ai>-I bgj^l y>~ ob>-j3 ji jl>^j 

4 4j>~j3 s^Lp ^xi c-j Jaj aji ^>- oL>- j3 j-°Lp Jj>-j» Jibs . iJL*3 J^\j 



e Aj>t — •^-J 1 y_»f\j^/^aJl ( J P * ^ ). i 4 t--*' y_»« i-->— ■— ^-^c— LJ ^ j L»» n.4 . V^V"*^ 

. A-^j j-«Vl 



® ^ j-wJ j . ^s-S'Ul j\j>^fljN! oJl^I j 5-oli j-*j 

jj\s^Li N ^*JL*Jl j, ^-P 0^* L^JiXP' i {jr ^* i 4-*i_P OoLS” U-P o^« d)^«b 

'■' > > < *• 
aJL>*JI oJLa JiL* o ^ • oJo-ljJi 4-Jliil O^Aj dr? I*J*>-Ij I *J->- 

ft f £ f, 0 

4_J Lp d-'lSlJs’ wij -Lip d-otS* 0^ t 4«^^ijjJl Lx»ws^vj>xJ 1 ^-1 Lp ^LoJLa'V o jZ*a 

* * > f. " 

t 4_o^L>cJl p-lltLojlj c L^-lS" vJlr>*^LpLilJl A-v>-^j ^waj oi ^j^oj 

UwmiIj U>L^jlaI olw^>Jl i^jLj^-ojJ oLf J jJL> ul ln5s-o-> JJLs I . a^o! j 

.^£J| jUiiVi 

(\> r 


Formation of large-scale structure v w 2uu*l ^Jl ijJl 

<lLsa *-<>J l 0} j^-JL*<Jl IJj& Jw^-AjLw-j oi oLj pJL*J ^Ls5* 

<*— dL^S* . ^^3 t c— f>--Lp ^3 t c«-<L& ^ *L*3LJ| A^-^Loi'yi 

jU>s-AjNI ^Uj o*L_p (V, ^ 1 _ V, ^ T jlaJl) Oc>»l jJI j*JL*Jl <LJo C^-?“ ^J>- 

L~H <» «fl (l)^^-^! t L> 1 l&M* * > ^ C «-^-9 L*J ij w1^Jl 3 V i^d I 

<j|j t^Sfi Jjl ^^3 UUJ Lw*oL>wU tjr^i ^-5 Uj^Jl <1)1 <y)\SLo\ JL_*~> ul l)S/I IaJ-p 

icjI^pt. 4 ( j» sl^j L« jyjj bAa c~«J ^5 t i~JL>Ca ’jJ* A.Lt./) <cSL>l jjca- <ui 0315 

> x , 

.voids olpiyj t filaments <. superclusters ji>U^ xSLpj aJLpj 

a jj la .j^/ 1 jVSlsI aL^>-Li i O l^.— >»>J I f-ljJ-J ^jl yai»-l j tj_i*>U ooL-i ^li 

^ jA-s^lj j-51 Iijj ^ t(V,Y J^LiJl i_s^' 

■ i^jLwi VjY’V ( J5vdJl ^gia" ojj^aJl ^ j»-iljdl 

jjX j . tiilj CjLLij t La Jb»- ^jl) il yiAA L) j^Jl AjI-A_J i_J I j^~\ s- UapI^ ^s ‘U^Judl 

> •* » > > 
J-JjJlj . L>>,^llj Oj^LaJl oj_a> J jjs- toLJjXJ! jvJ-C' ,_j3 dU>t-Jl 

i_laLp Lw^Z> | 4^jii-a*“ . — s L^lfT l ^yi X j c dJ l Z ^-SLzJ 1 0-La ^L^ la . i Aj (_^djl 

.Sljl «COBE» aJlUJI ^aJzSLu^i <uJzz5I (^dJl ,jA aaJjJI 

^Lp- ^yi 1 1 y^U 3^-1 U-L»<J «COBE» _J ^bJI ^yph./aH ON idJJj 

4_A_Li- ^yj t AjliJJ A-i—JJ J A_JL>iA i_A_d^5\Jl ^ySL^J l» JlLP- l ^ H Y 

A^slJl aj-* Cols' . o-l—J-a jXZ c CJ jJl idUi JyZa>- t ColS ( _ s c5i OA_icil 4_»^iVl CjLpLvJiI 


■u-i; Jail) I 4JI t e-CJ ! j lidJl iaii 'j~s- JjC Z)U t structure <0)5 ^ C: ’v-^ c ( ^ ) 

i .[iV 1 oLjlJJl] ^o^*^-<j-a»J \j|j -A-uL f.L^Jlj^> 1 4JJI cjIiS^ *l>- ^JUl 




2 f-* 4 (Jj-LSI Ja-~&\ £jb ^ iVjTV 

IfJu-j ^Lu2Ij ^5’'^! ^X-Jl 1)^ Jlj jjl jj. • p-iil j^-> 

. UJj ’VU^aJl ,_^i*J! 


^3 ojl <j >~ ^3 oL*/?L<a-^_ilj oLpliJjl (VjVA J^LiJl) 

ip- j3 ^JjIaI d^lp-l^wo ^ t «COBE» <. oJZ>c^a Jj>- j jJL!j t aaIi^o c^LaIptJIj j t *L*-*Jl 

(j j^Lo -a aJlJi 3 ^.oLiLw l» J uai) ojl jj>«Ji d)l \ * ls 

! dJjp-l jJi iolill f jja ^y>- 

c j>»Vl Jjl t ^Lo-L*-U t cLlta olJLxS’l c-^L>- jJUj ^51 j ^ j 

* > *■ „F- X " / ^ 

^ijuoi cJ-^ y t JjU^ J)j3 <• ^ j^-Aj t Llw^-p L>-Ljji 

^3 4-l^LsJua^ LI d)i d)V lLIE . JJjJl £'L*_*i^ll LtiJ.3 LUj ^3 ^^L>t3Jl 

^jA <l)lj . ^5 a^jL^o oLJ-dj ^a J^il jZ l)I (%j~& i^i d^l _yZJ ^xll) joLJl 

^5L l)I Lo J L ^> c L-*JU>w^« j*s> oj y^L i AS'jjji 15" S^LjJl (1) l_j jj:*^i) d)l i 

A— s^?jVl vJ^l^ljjJi 6 jSwJl O-AJLs JJLlii C \ ^ ^ Y flp ^J-3 Lol . tsiliJlS" 


tty 




4- J L..3 jJ i >- f -X_*— 1 j! lV,Y*A ^L^_JLJ1 

4JL&1 ^v> 1 ^Y ^»Lp ^5 <. «COBE» c_jiJLs5Ll~U l 1 ^j*p <■ i-Ls - l_*if j^SLLoJl® 

. «NASA j COBE Jjy ^ 


j»Jlp (jl ^e- ^ L iaJoJl ibi^l boJd- Js 

a3 ^j>-I <1)1*-U- i J jl 4-vpUaJl a>- ^ ijJi cJ^ 1 ^ 0 j<-X?*xJl ^Jj>“ La <1)U 

UjjSUI ^U!l ^j^SLj ‘LUa-*-* <1)1 ^L>cJl {j* jU^ bi> •« ~>- t 

t oUJi JS t oUJl <1)L ^j&jZjsj <1)1 V <1)1 (^9 Jj>-I^ ^_jIS . ~l*j 
^ oi- j_p jL-L? ^IS'l oLwzj il^iJ ISU ^JbL Lo yt jJLli <1)15 jJ j . ^ J-pLLj 

<. — 1 dJj>-j UU j*S I oU-i i^^pUUiNI a-jLISxJI ^i^Lp 

<* *• ^ 

* * f- 

oUJI U^U- l^pjXs>ij <1)1 o-’U^Sol *UAp ^Lp jU? ‘■LiLs IwA^a^ . «COBE» 

Ul* <1)L \y*<a jtJLi' <1)1 Uial p. fclp «J>- ,j^Jj t < — <»iijj . pU-Jj^/l *>» JpLU 

* > * 

US' . l^ilS" «Ul ^jA <uUJL ^A <*-*) jJU U O^UJl ^jA 

oJ-A <l)Li lUlj t ^IjjI {jA £*jJ I^\ ^JpUj J^l oJL^S <oLJ Oj£j N <1)1 

' ^ 9 * f *> > * } 

. dark to all kinds of light L^lS" *■ j-^Jl ^1^11 ^ U^UJ iJdL« j ajUJi 

* 9 " f, * «* f, , — • 9 

Jlj: N aJjI ^ j i dark matter i*_lkJl S^UJl *yrj t \^s- ilj'yi jNl u ^>JizAi 
. extragalactic astronomy ol^Jl ;ljj LJ diliJl ^Xe- l^\ji J>U- ^ baJ 


rrr 


tlr* (jl (_£ jj ol ^i^Jl 

. iJ jS3l AjJl f-jJL jj ^jJ j£j oLajjjL^-x L o. fr Jl 

Dark matter <UlxJl S^UI 

^JlP ^3 |JL>- ^lj IjL) L^-Lp LJ L ^j 03 4 lS^ 4-**XJa-^J I o^L^Jl 

" ✓ „ f. m > 

ojj>- j-«JI <pL»Jl litiS jJlaj 01 l y* oli 1 (Jf 8 Lij^i Lo_S”j . c->L-j j^J! 

o' dll$di ^waj ej j— ~U t h5Lo_* tilii jLs£5 jJ jj53j i o j-^»L>«Jl <cJi?xJl t o j^l! 

open or closed universe jlk* j\ £-_fA* ^JU J~y> liS o} 'JjA> 

* 0 

oUi io-jIiT ol cos'll* \ j^^LsJl oi ^y t<dL,&A*J' jJioJj 

di jVyi-o Sj US’! JiN.i ild oSl dUi .aJl^J! liliSdU ol?- ji-i-Ay ^aX+j |jL«-i' ^_y 
i a aI Ll> c*q J ' i_,. * 1 ^dJ' ^1 o?sOj-^L) U^Lo-p-i <op j V U i L»- Ua a 1' o^L^Jl 

. CjL»5vj ^j 8 o?- jl 

ib jjloJl ol"r>e-<Jl ^ 0 ?-jjj 1 yyh*^ dr~^ drc^^^“ (_?* * l y^j 

d^ ■ 4jl.i _^xJL _J t 4 aj o ^laj dll.i f y jig”.!? . OjI ^?mJI -Lille- ^5 ^*-Nl Id— i 

<J.ilAiaJl IS” j-?- (J*^>- y» col <c— ^L^V' 

c U iy>*j> doU- a 1 a JJo il^>oS j . clouds of neutral hydrogen 

. 1 ly*" o^l— -J i 01^1 JjX L^Jlla 

L y>j')}\ dll j*JIaj dr 5 ^ ■ ‘'~“~ < *--*J' llO J^la l~^>-i jj HJuka jh t "Jali j 

<diS <ca ^I a^JI o-Ia 1 s t . -' -) o' d/^^i ^ o&j • 0 >-lj ^Ip ^3 o wV -.^JL!l tj ^>- 

dr^ l _^’ O aj Lsiijl <-j j*~t o' 1> j^~> d ^-1 j <■ diii 14 ^, t S 1 

tl) JjLS ^1 C aXiS k. ^wsd>tJ Ol LoL^-«| jy./2.A + ~.1 t 4.4 jJl*-oJ| LoJlwJ Lj 

iwjl y>Jl (^jXp U»Ls^j>«J t jJLiwoJl jl jlwL« j^Xp 4 Ajli XLo-9 jij . A^j^l>cJl 

. aJIS 

t 3 Jj>oi La.X-J v s^j>- L^_iS r i] j->cIo ojL—Jl 4 1 <3 ^J^Ju N U (JlAj 


t 1- o . ^ J t ^ J_*Jl {j* OloAlo l^-.^-i \ O I 4 j-4^<gJl jj^Jl t-Lo (\) 

. lji»-I t j ^]D) Aj J&j ^3 4 0^31 (^hiJ ‘ l2j*i Aa1>- Jo 4 \j3S 

• d . aJ\j Ji»-ij 4 4ow< yj ~^ JU ,J t 4 J | 4j U^5sJl® ^jb Lolj 



jl sjhsJi tLij . ojLJJl v, S\ A? j>x . J 4j jLJl ^jj y^i ^j^jl AXI-o jso\ yAj 

lP! U-lS" LptjjJJ ( j^a sLxJ ( j^a_^JI SjLUl i_-SY L ^j jjJJ l _ y i!l oLp^JJI 

5-“" (j-5 (JJ-aj j??l j-* ( _ja?j j!l jljj.3 “L - (J-L*-° jl ■ jllj J-*_i v yi ojU^Ul c-aSl jJill 

0 * , S' - 

«* „ e- 

■ jLo L yl jAj jljj.i <P oljw^l 


J-lL^aJl ^j-frj jJjL^JI Jyip t LajI tijjJL^Jl ^JljJjJl (J-laJo jl L»-? 

eij—j <>j->o-»Jl jS^-o j-P" “^n-jVl AjU^-J| jL jZ-1 {j ->*->J . C-»l j>t^Jl (J y>- jjj_> (_5 JJl 

ol j>j_l_*_»JI . 'jS j-* J! U-_wJ > — jj_s! AjL>»_-a o l j_o Ua_)L ,iS^>*_iJ 

(_/= j . *J JjJaJl U_a ^!j_>ti_-jLij . 1 yLo^LL~* Y ^ ^ JjLJl ( j_ r >-jjJL;L^Jl 

a^jL? L> J— U_j . aJ^S t_~?x_wo 4_P j iIjVJju (1)j_— _o 5 -j j^j— SLLjJl jLv£> -LiXj t jLv^^Jl 

* J 

CjLpj— J l jl. V,r^ J-SLiJl ^ j-^i (.S-LJI ^jJI <j-? ^LJ jrH LoJ-Lp p-. ^ . t -ao 

N bLJ_3 . o^>t_<JI ijJj «u>- «_ibw»l ijjLi ^Lji oliLawo ^Jlp (.Lj^ii tiLjLi j^JLj 

Y-Xju^I l^^-bUl <U— .JL ^J<-^>l J j)W3 I ^L~S^2J 


jb ( jj> J ^-ij jl J_) *>Li ti-abJl ‘U-.-jJlj {yyy j-JljJL ^LilP-j/l Juy ^ Lo lil 
(L^Jja>- 0 jLLJl aj-S’l jijl ( j^a_jjl i] jJtJ LaJjLo) lLa>i^Jl oJjSi iJ^>ej ^yXJl ioL>dl ioLoJl 

• Oj^t-aJl ^3 baJJa-aJl o^LoJl L^_)l . o j^o-aJJ Aj ^-aJl iiL>«JI Jj^jl Lo 'll JULa-J 

* " > * 

^ iJ ^<Jl aI^SLII jjL>^J ji il ioJU-a[ ^JJl J-JjaJL C— -J L^Lb5 j 


'TZJ 



jl 


rr o 


:V,r^ JSbUI 



5 

-Uilxp <Iijfl <j-a yyi OLa^Jl ^13! iaitjl Idj 

a i ^ ■* * 

IgJ jl .V, ^ o J53dl J 'j^u 4 Coma cluster dljjJl 1 j-£lp jlu .!>■ . 

^JJ>-!.i L^jl5 y>~ ^y-y-t 31 t .^-dJ o^*-tJ • ■cdsl— < 1? 4 > i ol^-^'-' 1 

L« Id Id (_£ j5-l ®3^" <-l j-<jj • a 5 j^dl viUj ( _ y 3 OjJ>- J-dl AjUaJl <-a 5 jJJL jlj 4.ij-4X*JI 
^353 L«jj t (_$ j->-'ifi _pL' o~?xj Ldji?d 4x315 idllj jl; 3a I xpI 

4 (_£ ^fi-1 “3^° ‘J-di J (jl Id JjiJ 4 ^^5 J^dl jjl 3 JI ^j-a <11?- jJsX—J 4C-JjJl 

oiL*JI 4_iljtd , 1 3 s^l J -^4 d> jj, j-gJ >1 j->Ji Id . Jj-SxjJI ^ <1x531 <-*5 

- ^ V dliA S.J js? y> 4 J^*-’ 3 ,_^JI J ‘ 53 j^JI 

jl ^*^_J_p 4_-?-jXj 4 La*x»< <*-iladl ioUJl ccJdLi uilj 


djuld ’jsS- (_J jidj <JL-l<i «xdjL?- iilXfej . oiLaJ! oJL* 4_-5 ^Xj ^ 1 jjjdj j*^3°l I 

Jx5 ^J53l j^l^ i^r y L$jI ^^Lp t ^~ c _y JU 31 IxxS3>j 11 . ioloJl s-l* <5 jy~^ ^ 

jj> 3-51 j ji3 Jj ^1 >r^l e3-* j! J . j*JL« Jupiter <_$ 3L5dl5 4 ojL~JI ^S\ jS 31 y* 

l _jdl j->x-3i j . jAiu Lo j->5 ^r- ./? j j^x?- ( _ s 35 3 L_> ^1531 c — ~-. i I$x53j 4 kilta 

» > 

. lg_3 ^>-LaUjl ^j_pljjj j_->t^ixJ Uj5 ^3 <JU ojl ^>- oUjj t-illx^j 1J 15 
^ "* ^ ' ** “ ' 

3JJcc>j j5 j-a L^J i) j£j N ui ^--a-xJl <1x5 jL5«_a ^*3-5 <1x5 4X^11 jliJl 5 j5 

s > * * t- "" t- a 

ji -LaLJuj ^J 3 j**# I o-I_a j! . 4_3l.^Jl 

. (r) brown dwarfs ^ 1^^131 ci^d ^^Ip 4^33^ J ‘fijddJl oJLaULJl 

( °neutron stars <5^33-3 1 ^cJU tj\ 4<uJl ^ y>cJl> 'Ji& j! jlx5dj ui j\ 


abj^Jl 4_-> jid \ 3X?- j\ 4^j_ 3JI Lalji j c-53_jx->l ^yd! j 4 (a) white dwarfs ^L^Ji 


oLa yA 4 1^15 4^»lj^>-j/l oJla k — <L5 lxJ_j . ^JaJL ^k^xjJj 4 j53o_i 'y ^3^^ 1 ' J black holes 
4*jjjj LJI #iL»JU ( _y*j 4 iXjI/^J^HJ CX>Uj3’J- j (J^dl L^-dajta <jjLxpl 

t* ^ $ f 

j-a c_dwv=> Lfjl j^lp 4<11 p 4<.1 :./?J oU_ 3 j^J 1 j 0L333-JI jV 4 baryonic matter 

. baryons oU ^jjLJIj (_j3^ kXjla~>~>Jl 

. <jaJuxJl k^ijddJl o3_ft LaloJi jj^-^x~-j jl ^-531 jL>uijjll 4 XjLJ j 5 aLJLp 3-^-! j 
sJ-^5 iu^jjb o^la jl 4 <ijaJl ^ddl ^--^bixll J_j5-jJl jjX jr^-? 4 dyd jl Ixx^ajj 


. [ t * _ TA : aJUJI] jS J yj j J 3 I <! • Oj j~aZ V Uj . j j j~a^i L-i il “>U^ ( 1 ) ( 0 ) (O (T) ( \) 

. <l!t (j-Wa [Ao ; *.| ^-vVi] 'i/l y (T) 


rri 



j lulls’ op L° 0-?- jj-o OjuL ^l*J! X>- jJ 61 N 

y>S\ 615 - jJ i! .(closure density i-Jl^Jl iili^Jl iiLJl ^ iLli jjUoJ ol 
l ^ ^yill deuterium s ^ ij o'!A5LJo« LojJ ooj j-J idU-iS^ 

j*j jJ i j» jj j~jji oJl ^ya La dl aJjV! ol ^Jl ^X/o aJl»_p i_j • ^*—5 L*_il 

ob>Jl <jl ^3 ^ j-^ - ' aJ_*^ 2_*_/0 dbj* j . j^SbboJl jLJ I obdl AjbLS^ aj>- ^ 

<oL*Jl br? c^JtS" jJ j J-pLiij i^jjjjLJl 

0j2 O ^3 JujL-hJIj 9- j-jLo 4-obS ^ ^J 8 J (jl LJ bj t *b ^-wJi 

. l>Pj>-- A^pUl <U2-*3 AJ! 4 _*_*x ^ i A-ulb>- ^3 <• ^ I ^Ja,./? 1 L^****aJ 

cj ^Jb < 1)1 • bj& 4-Lw?bo <jl b ^ 0 jiSb ACJbd! ^3 ^ j^° brd ^bS^ 

I jJL&jj bw^ t *X>d! bv .^. a I 1 d)^ ^Ja.» j j^*JxJi jL>t4j % Vl 0 »>bu jS pL^Jlp < 1)1 

JL^ wLaJj . dark matter LJJLJl jbbJU 2 Jujl>^ JjIju J j^a^JL! jJLp 

t non-baryonic matter i-J^jjLJI j-J* o:>L«JI ^ 3JuJl_p A_liJ>- Si j_* J oljLJ>- 

c gravitons ob^Jl^Jlj tphotinos ol^iJ^illj i<LJwdl neutrinos olj^^JLS' 

d-bJ^l C-J I oJ-ft I t axions 

b^-il bb^»-l biw^-^J>cJ I 0 djfe ^J-bo b^i * ®^boJJ bJbgJl Aj 

> %» 

b^lp .WIMPs (weakly interacting massive particles) Jplidi IL*^> b> 

<LslJaJl C^b 0 ^b>w^«->xJl d^Lp-jb—-^ oJ-A ^1 ^ 5 ^^“ *b*-J 4_] 1 

/^aJUJI 

O^io tojus-lj aIwoj (jlj pI^j^JI oiLaJl t jp oUl Ij-* j»C>oJj 

t p| j.. o .^>Jl jdji'i/lj t L^lxS^ ojL_iUl d^IjSdl i jjLaJ ,_ydl -o^l ^1 j^-Nl w^>t-JJ 

AAjjiaJI oXi p-S^ajj ./^iLlpMl ^yj^jjLJ! jUiJl LplS"j l <CXoJl ^jjOJI j 

. gravitational microlensing ^ 

L*o>u iw»sl LJl yl . l~>o j^wl Ld-oOp IjJl>- V , i * d5(dJl i_4vojj 

? 

c aij^j Ja>- ^jjo dark object ^.ba^ ^ j>~ <ub^Jl &Sa ^3 > j! 3 \ bo . bj j> ^ aJIa 

^a \Xa Jjj j k_3 j—J j . ^1 la^Jl ^^>Jl JSj ^-4 bbSU^- ^jjSu i)j£o ui jb>«dt ob 


^ - 6 . ^ aJ V 11^ oy* i<d£ cJJij (^) 


rrv 



Bright lensed image 



(■ j_»JJ Jl3 j . V, £ \ I 1 Lo^j l “C3j-a S j j ■ a. i 

<vC* JLaJl »\ a-i-A JJCo - l J s TJ (j-^ jl t y>~j 4 J 2 JL 0 » I oj_* <cjI ^ 

.iiLJl 

MACHO (massive compact halo object) « j5U» jli yC> jL jji*l i)L » j 

^ ij_Jl j_ij cEROS (experience de recherche d’objets sombres) jj^p’ j 

. o d_* ( JJc° (j-C’ t-JJLSCJi oL>-U»tj cJL^j c c— s_^Jl -IXa j-^-l 

l >' > ” (r t- <■ > * 

1-X-g.j L^JlS' L dJa-o J l oLoJi q ^_S\j oU-A ^Ij_pI La ! JL^jj 

to^-5 d^Lwo^o a1a>* oLj j^Jl bJj J^SLjJI 

> " 

?p ^>«JI t o J j J.P cJ L>n^l ^a L^Sj 

. A-lj^uVl o Jla *LL^^L j-A 0w ^ > “J il)J 



X-S' el jj i ^ Jo-1 oJLi ^3 ^ililPxjlj ^LaJjl ! V, i \ J-SwJl 

. aJl^S" L A^u-j JkS- 


Z ^ * V* 

£Lo~~Jl i 4 _L?L*a*JI ^3 Li cLU^ ^jS' U-LxAjI *aJL! 

VJJJl ^3 «uJtlLa 

-* i •- ^ S 

O^UJl J^-P l*L— >«-Jl L^l AJL^aJ ^.^..>Aj>eJ i vA->Lo p-Lp oj 

l Jl^-J) SlUol 4.1 ^ JLSi pJL*Jl *I^J>-I jJl5*1 ^-Lp jaj-Jl XoJLxJ (■ 4_^ J Ja_xJl 
p-1 ^-Lp UoUjlpI ^JJl^ c 4 -JwjiaJ 1 t probes o^L*Lj>t-c-JL! 

m 




■j ( N ) > 

. p*Jl {jA <-2j jJfc La (JtAi- ^jA C <Js JjJUJl 4 _Jb>- * J jjij (_£.ij| <J 

Cj j*\ jJ> pUJl <i)li i Haldane ^yi . 4 — > . ^ UjJbl JuS Lo-S^J 4 


•Jaj jl Ui^s-i U^> 


' _!>■ lj .e 


. , f tv. t : . 


the universe is not only queerer than we suppose, it is queerer than we 
ja yjj> jl silica sU-Lia JjUi j .can suppose. 

I U Jj.} (_^l JSvdo idiixJl p^ £^;jLj OL^ liti t(Jb»- 4 j 1 J^ipj . pladl 4JJtljJl hjjaj 

. aL>-ljLaJI tdLL ^y°J 0U- 


;La> -li 0_)£Jl y \ oV i jJUd! iab-» |*Jj ilfJLi^iaJl ji>Jl ijp-ll Hi HI (t) 


ur- 


Lr* 1 




c> 


: j^lUJ aL jo y j (Y) 


• C ^ *1 * ^aJJI j£j J (j! I jl 

^bU iilbj aUI <y£J>- y* Lp-La^ 4 l*_Jil>- o! j} J~>- jT pjJl IJla bJpil 

(j* • <3 • C ^ ^ ^Ojj£a1j 





jUd! 

0 f ^ 

(jl b*j . (1)^531 i_«. : ?-Ip 1 4_St>bl?l t ^b£Ji IJwA c bJ dojis' 

c (J JjfcUuj lixJUa.j bJ jj>- pJb*Jl (1)1$ 4 buS^fT 

. 4j5 Jj>- ^3 Aj jj>tpi 0 J Aj j£j£}\ ^JlP bJ ^S” o|j 

^j- 4 ^bp bijjb>r-> d^bi>- {_y* obi ; ~i51 ^JJi ^-L*Jl ^5^ v — ^r taboJ <. lJL>-j 
cJi i ^-L>cj>_) c jl 4 cjj y ^j-p Ju N L^jj t jN 15 

^ (_) 1 ^yA <Uj J ) ,.^ 2 . l 1 i *^bi 

4 jJ 5I ^ !jd* 4 ji^>.^.o.il iJofc ^3 (j£ ^J>“i Oj-Ll>- jiaj>x_> (1)1 U ji J 

Ob> ,•» l3,‘« J ^-J~*JJ ^j-ol j! AjI (1) j-5o jl 4 JU- Aj! J^-bp 4 I^LJ .' jJ* J 

? (Y) j^j! 


.[U : jy^JI] aLi 4jL^ 0) 

-L>-ij Ojj\£ a)I 1-La j jJUo ,v^ 4 -v^*«_L«J I j^bc- (T) 

-_^jjl viLta t (jj5Jl J^>w«S/ liljj 4 I fla .5^^-^Jl u& (3"^ L$bJl A~_ol_?*Jl tjj-'bS j-& J 4 ^J-^-wJl 

aJI Vi . Jlj^Jl iJ_A .JJl* (JL~j di Cf*^ i/t 51^* x*^ j 4 L^-Jlp V j 4 a-j U j 4 4j jju 

£j j)I iSU 4 aI1)1 a^JoJI 4 i?*, <j^°- ,pJ • 4 ^dJLJj 4 ^^!^ jj^ ,,J-p V 

^1 A-jlj^-^ji djLiVl 4 L^-3 v — »^sb ^iJl AijjJi y-J>iJlj — «j j! (Jjb 4 L^JLd-J A ^3| ^JlSlll 

i o-Aj o Jb ^..la.11 jliaJj 4jullj ^IjJDl i^Uap! cJVi*- Apl»i l ^ ,j 

V^-bJ ^9jW {j* aJL^- c-^>*-«li JLpoIj ?(JjJI ISLa ^Jj 

ijJj*" 'Jj |»J {jS' C^-^Pj 4 4 ^jXoj^ 4 ^UaJu (^y>»J U-»> Oj^il ,^i b>» di 'i/i . A-j^l>Jl O jJli 

^blaJ JU^>J| oj SI 4 a^-S’l O^iw’l ^ ,^3 <— aL (^Jb! JUj>J| ^Jj 4 Aii>- ^ jjUJl 



U^J j IjjjU ^yA ( ^3 J-fe SJ C jl.- J l OkA_^J >•— l-^o f 

jJlsJ! /^C- Ui2jl j^jCAj LttJjj (jj^CJl -lJL*jj iaUx-vS slsxJ |T « Jl 

J>^Aj -Lib t (_£j-b - ®JJ ^viSLj ^Ka\S l ^j-J! cs~^" ‘ (_5-iJi j»-J->Jl lj! {jA 

** # / (. I t ^ 

. AjL ^JLaJU L.^.^9 ^Jl ljbJl>- VW'-A 1 (i . 0 « ■ |^~? ) (1)1 ^ tp I (l)^^3i 

(1) j-SsJlS ^JbLla-xj .iSLXA (Jljj ^ Aj! La LI l Jul ^L-AJlLj (1)1 l — *-’>■ *^-2> 

. l$X* IXvJj JL>*J pj ^j>bJ LI t UL>- C LJLal (^.^>- jl> 

y£uc . Jl LLa JjLw«J (Jljj V ^xJI oLwLi-<Jlj jLiJVl ^a I ,,h * > Lla ^ Jlp-I c_3 j_wJ j 

. a^*>L*»V 1 ^ jJi*JJ I s ^Jl |jjjj>- \XwJj *» .fl-v?" ji L^jj Jj V t JJoUlj 


» * - p 


The solar neutrino puzzle £-uaa AJI y*y$X\ >J 

Lrf ^ j-^L -L j a^jI d)l ^gXjl t LJl * — J ^* ^ ^1 

■ cJ" > * c5 w ^ >tj ^j-vuk-LIL J six I jy**-* d)l Nl . ^>-1 c£l 

t j-sA>l>Jl C3 ^Jl c iSUaJl jJ jj ^ ^t Jl (1)L t^UJl ^ Ij^il ji L5 j 

^ . * * * > 

.neutrino I L*3.i ^^Jl a^j^xII c^^pIjLJI ^a aLaJl^ (Jl>L>- 

> fc bs ilSS V ol jV C jL j o^x^lLI «fcil L^-C” I ^yA (_)l 

(_^1^ ^ ^L^jl photons o-’L^j jJi}\ Xi^L^> ij ^_LwJl 1 J_a 1)jL) y>- t _ > 5 -^l o^L^JL 

. (t^ilixoJl AjI^J ^3 ^«^aLI| ^jA ^j>zj (1)1 J>a3 IjIaIP LaJlL? 

W-! fLS ^ l3U-p! ^ <n _ q» JiLiJl ^jj 

>* ^ x jS ^ 

*XXa A^JlS Aj O^L a (1)1 • ^«-^-*Lll J^-a ^Ul ^j ^- jJl (>— . j 

d)| ^1^ t pLa-L*Ji (jL»Sf 4-JL>z-a t (1)^/1 t Ajft-jLiJl c^-iLS" j.LL» t \ ^ V • ^Jl j_>- 


<1)1 . *)X/5l 5j>-j f \A d)^$UJ d)l5* UJ lijj t t C^li^jJl>i-Ll (1) 

V^Uaj Ojl <j* Jt»j>- i JL^>JI Xt^j J53I 

jJ Sj .jSXa ^jA p^lp-UAil IiSIIaI JlaJj . j.,<j.)1j oJl>-!_j lj y»\ L« j . jJlAj oLXL>- 

'■‘jX jX j 5 ' ^ :_r^'] 4X~a j^J j~^A . j>Ji\ ^ 0 jLk> 

. k Jj^SLo J j. \ a..~. A 0 J~£ J 0 j+yX~T0 

<j* ■ ^ • [ t ! jlijiii] 0 J-^ 3 (J^"J • • ^ 


. *■! J+M 


Nl] Sll I^LJI jl J \jj~Xj ^Jjl . jJJX5 Jiaj O j ( ^ ) 


^ ■ ■* • [A t ( J>»Ji] ")/ U (T) 



y y ' t * 

L)i ^-Lajj^Ji Aj jbi LOj^j Lo-Lla ^3 !Xj La ^jA JaJizlj *V v — <LyL$oi 

CjIjOj j-jJi 3 JjA ^a cJjJl y>^j ^j-P Ni t 1 j*JL> N OUy>- 4 ^ypjLoJi IOj* j . Xj£-*-> 

V t — d-j^lSLll jL^-pxJi ol ^J ~$3 • *Lo-L*Jl oLpwLo J-& j t j -3a->- ^-al 4 4-0 ^l<31 

f. + * s *> 

Jj>- jyj ^Jt> ^LaLoJ A-JjLv^ 3 aJLp-IjJI A^aS” 4 j ^Jaj Oj ^ 43-«-j>c-*33 0 jj «/? ) 

VL^Jj^a Jljj ^ jj^jJU b-a-^3 <j| j>l ?4jj^Ji 0 *>UUxJJ ^ La ly>*3 

4 A~n^LoJ| JjL*Ji <—A^qjj /jjJJL*Jl JtA>- Lg_l3 JjtjJl o Jjb p-j «Xil 

f. .- > , ^ ^ f > 

cOjJ->- <JLw>-I ^3 t -ub 4j03y!l ^3 4 £j£Oyl jJj . ^lAa j^JU ^\ ^Lp (Jj-s42^>tJl j*Oj 

^3 ^JulfT j~*\5 U^j j*j SJj>-Ij 4 — ' jUxJl oJ jb jIjjJj-jJl O jj>y 

Aj y^j i^LLL^Jj . 0 >Uj jJLSsJNl L^jLLlo ^iJl ^jS' C^xJLj ^^a-AJ t oLjLJI 

. v — a_JjlSsJj J-i-P (JlA J-oj*jj till? 1 A * £-Lo ‘w^-5'O J 4 oL*Ji (.^‘-^LS'j-^alS 

^JjJOjl cIjI jJj jj j^Ji 3 -Lp 4 — iLs^J ,j_a v — 1 jJL La Aj oO-£> TyjljO Lx,32-*Jj 

L> ‘ Lftjl j-Jr-l AJJ > jAS\ Ljj-^J Jl^-Aj . « — ^j' 


. 4-^L^I tJOLJa^oJ ljwL<w oi t (_£ JjL 3^— al3 — 

^>» jj>JL) L*_aj t gallium ^ ^JL*Jl o^La oLajj>tJL^ oLaJ^LS' JLlaj 

_ ^ ^ ^ ^ ^»Lp Ala j j ^JaJLf L>-^>oLo dj|jjL»i Ji3j . GALLEX ^ SAGE Lo-a>j 4U>-^I^-^I 

g. x > ^ ^ ^ 

4 4-0 4^Lo-^9 ^a 4^w*vO-*tJl <lj\ ^3^^ <-) ^ Lygj 1 LlwA^ A ^ ^ T 


J 1 * ucf u ^J'-ri Jr* 


./l*9 i * ,v La 

A3 L3 CaL; wLa ^3 4 AjAjL>x_^»3l <Zj 13-Jj L^J Lj 4 LgJLP C3-^>c_-o I j-> 

. Aj ^ 3 pUaJ>-t ^Jl AiL^i 4 LgiS” C.3 jbxJl 4_LLLj ^3 4ALv2j>“| li j3w iJllAj . Aiiilp^a 

•* /• " 

«* s g 

, 1 ^Ja>- v — j j L.^.3 1 03 4 owLa b^3yj>- jJ 4 Jl>- ajI 

* 0 y f 

f-l ->J^3 ^LA-P Ls 4? J) 4 ^-o jjgjJl ^Lo-L«Jl 4— *-*J-a ^3 Ay Lj o^-a 0 jJ (JlSLaj 

^-a JL>- j-» ,1a, l?..>c— o— > i j3>-^_>s-J 0^ (1) jJ jL_>^-» 0 jJij-J ^ ^j_J JJl J 4 Ol.,^ ^ 

^j^LS llAi ^ ^ Aj Oi l^LSCal ^3 ^ ^ +i2 ^ '^J • Aj 2 JjL>t-aJ 1 L^-SLO/jLi <Jj\ j-i ^yjJl 

> ^ f. 

. J yjjl A iS 4 A ^>e-j>w^ oj yv2J J 4 L>^L^3 j3 O y3o Oi 4 4 S>- jJJj J 

0-^3-a jj>-\ probe jL ^ j» 4 l j-j^ r ^-*Jl Oj-^ji 4joLooU>-> Jjw« 4 Loj^j>- ^3 jL-^ j 
Lu jlS j . helioseismology ^1* Ji>- ^ j 4 ^^JJl 

J' CjL! jla-yjl La jl jjs-l y LLJaJi oLI jjJl jyil I^Lju-I ^j_si>j^Jl Ula 




4 *L»Ji o^>xJ L t jjlo ■ j JjljI 4 jJj jj ^ jJI c-d-J^LS^ <jj>*j '. — ij I jJ ! ^ __ ^ JSLUi 

^v 0 ^yl| lx* ^joj 4 (C2 Cl 4) ^2^-j.Xij 1 J 5 LJ p. - la-g- (jlj-=>“ 

1, > _p ^ 

4 argon o c5^i ^ 4 SIjj ^p-Laij ■ ^**^‘**^^ 

^3^ ^jJuij 4 j ^pj'yi ^ 4 Ijl^a^ . a^s- cjLwL^JI Lo-« yfa 

j l ^y> AAil ja-J ojj)«/ 3 , )1 8 


ru 


J 5 cIaLI 1 4 1 ) j-flJl wAJw^ 4 ^\-*3 d-JflJ>“^J 

^-5j-xJ ^iJl oLI ^Ja^aVl o5a 01 ^la *■*< <^-jLsA2j ^Jslkj £-Aj ^3 i jiii^ 

> " " f 
! ^X-UJI J~>JI ili ^ Ui! Five - minute oscillations « Jpli-i C-J Ij Jj 3 W — j 

4 aJL^33 \ *\ * 4 aJL33 *1 * — T 1 ) jJLSo 1 j^LS <LJljJj lI^LjJlO L«/?..i i J 

' -yi 

✓ > 
ijjo! L* IS| 4 f- j^-U y aJj>-! jJi oUixJI ^p oUJuJcJi o Jjfc LtjJj 

. *)A-*-3 oljj Loj L^jjUL 4 1-^Ij jlj ^iJl Aj jj jJl ^JLL’L+^u <1)1 4 j-o-iLj 

4-liUl <jb IjlSIaj . 4JLjiaJl O^X^j IjjLs^ ji Jl 5 ^j ** ^ 4 ^/2J>«-AXj 1)1 

( Uj J ^jVl ^IaJ ijL* ^JLilj) ^k*J external spin ^jUJl 

<1)15 1 4P 4 ^3 Mp^lJl <JJP 4 Xj^j <C5U^ 4 L^Jl>-13 XXoj 

*• ^ ' * " - ✓ 

o L-i.la*<o <w^*ibj 1)1 jIjJlp! ^a ^~-<wxJl ^jJ»-l3 ^3 ^ y>S y <jl L»5 . *L5L*Jl yx*j 

O y " \ * ' 

. I^j LaIxa^?^ ^xil tt _5 <w -^-5Jl ^x>jj^jJ1 aXs 1) j-Pjj pLoAaJI 

Tt-w^I -XaJj 4 1 1 l ^ « * >cj «Xj 1 ^5jl 0*i_A 4 -^m^mJJ 4 IwL$5a^ 

. 1 1 c-L^iJl L*-^> j»_L p 

SjLluJI o^l p^ckjJI j^Sj 

-' * * 

1) b 4 I 4 J ^ 4, 51 ^J 1 S' y*+J ^ 4,)^5o ^Jl^S* L^.o3 bjl ^pj 

bs O^Xjwip ^^^1 *-bfli-9 IwUXA^J . ^»lp ^ C-^> ^ ya ^-51 ^ 

1)1 jL^pVl ^laj ^3 ^^*->^1^ 4 ojj-^iJl oj-A ^3 J»i>tJl JjS 4 4 jJb 

S —■ f. * . * + > " ^ 

4 Jj J-A J-» ^3j 4 ^j^Jl J-^L* J^lap! JJa] 4 A^wJgllx^a V J^>- cLUl^J OjL^Jl <5*5! j5sJl J 

^jl^Jl jv->-jJl J-ij 1 jj 3 ( J-A^Jl l$j ^xJI ^uLSUl ^jp N l^jji> 

■"' i 

oj_Lll is jJaJ»- j! , 5 jL_^JI i^-SI^SUIj ( _ r w»_iJl ^jU>- oU.j'yL angular momentum 

£ w ^ 

^~>- jUJl frlj-s-VLi 4 ,., a 1 a:,<>Jl iiL>*— Jl {ja <£'Js __ r <Jl Ja-i jJ 5— w-isLJoJl 

- t ^ 

oj j-*/2j J ^>- ^ 5 ij c jJjLwJI t-Ua-i ^ll yx^j ^\ ^\j&\ 

l. ^ ..**« a > iiy- u-A-Lj L^jI^ ^^^JLII 1)1 4 — w«vJl ^-A 1 -Laj . (T _ ^ j 5 s-J*Jl jJajI) ^y -^1 

1)1 jj* 5 J j^S\ \j& j** ojL^Jl ^51 ^ 5 Dl 5 JlU_> LoJLo 4 4 -^Jaj 0 j j .s^?_j spins 

K* 

■ ts>l Ai>; >Vl jis - jJ LLp ttr ^i]l 

1 l \ f i& liia ^ a jL*Jl CS\ j 5 J! ol il . Ui^'yi ^ ja^J! iili* Jljj N j 




- > 

j}\ o tJ y&>- I Y _ ^ JSLiJl 

protoplanetary ^ji\ ^y> J^\ Irrj^ *U>-Vl i(L^J 

i j * > "” t ^ # ■* 4 

iJi-A jJ^j j . j^J\ f-J^>wJ\ j^i Ooij LJl5 !b ^*j>tJl cJla j../a1j . dlSC 

yaJl ( J-*j>x_> 4 jI Lk 5 t 4 l 5 j>- {jA £ 5 Ll -jj e^LU-Jl ^1 ^£^ 5 _ <r <dl U>*Jl *— li jb 


. cAjli C3 j]\ ^j3 <. v__xL 


(Jjj>- JjLL t^\JLa t Venus • I JJ-p c 4 J IS 

f. * $ t. «* * 

Uranus jy>^ 0^ t L*j^JL ojU*«J! ^*-51 a-JL> i^-aJ oL>tj| 

^ rotation o\->«_>l ^LwvwAj cJ 

(j Mars j~j L» ( iJL ^jJl asteroidal belt oL_£Lij-SJl ^ljj>- Jju 

l$J j»J ^Lsj ^dS" W J i (*^ ^ la>iJLa jU— - i^-d j^J o LL aj I 4 JI Jjk ^ ^Jupiter 
. Ob jSia}\ Ids' cd- ji\ JL5j ?jld» ^5 jS" jj^SO J ( _ r 0 j J «_Jl Lf. y&JKsJ JXO J l 

Jijljs j jd_S^d_U t W?j_A U — jL<h-v-Jt t y^J La® £ J -b j-a C ^jT ^JjJl ^3 j j_£l)! e-jLoS" ( \ ) 

>*-~S jS L>L 5 _j Lg_>i ( J_a .*\ £ - ^ \ t ( \ *\ ^+*0 ) Y J? t Oj^-j t <_s ^>tJl jta 

. . 0 . 0 -b>-_j LgJi)l>- *yi 'y La tjJJo YaIaLJ 0-al5 


m 


S cJ^^ - ojL^x tw^.S'l^-S' ^o-pI 

oU IjlSL&j t j»->sjJt oLo- ^a c ji>-Lu a!?- J iuJ isiuUl ^ _^>tjJl jL 

. L*-A i-Lf*-L>sJi 1 ^ i OjLJl V »^S *1 I 

Jlj—JI IJ 4 J 01 ? ojL»-^wJl ^51 j_£JJ vJ^La^-laJ^ ^A-« Uj c 1 

) p ^ ^ ^ p 

AjL^_j ^3 La ^A J ; A^-v^j! g*jL>- A^3 oli ^Jij>x-<o J^-P t*l— >tJl ^3 «W?L>- A-^J 6 »I 

.^i=sai 


j j-^j 


iJl 


AJIxslJI CiIjaaII (j jjj Ajjj jljJI oIjaaJI j Ci I jl jljSLil <13 Uo 

> > ' t- 

wP ^J5j t A»^>c>*jJi iiLLaJl t JL*-j ^liUl la- a\ Jls 


toljljl ^-dl Or' 0 aAjL^JI <3 U 2JI 0^ t ^Jl 4 Alb f-^JLll 3 _^L> <jl . 0^ j— ^-*-11 

. (^^UJl •/? A li ^Ja_>0 Ajj-oI ji\ ol^j>«-<Jl Lg_^Jll*J aJL*-LJ| ^ ^Ulj 

j-jbJl J^a^d jj*Vl>cJ! oJl* ^yj ajUaJl Ojy>cji (1)1 idle- 0 J^AI JlZZajj 

IAa jl>- ^JLlj • ' <-5iJl jJ* (dUJJ ^JliaJl ^jij-a-i j/lj i l_L>- ^>\jl^ (_£ jJaJ I 

p J " ' „ f. s ■* 

o3i . ^oixJi (_5® 01 Vi cc A~-*-jj 05^ j 1 ^*^ i 

.«aU)I)> dJbJ j! *ijf 

^ p 1 tf 

^yl-P J-J.3 (j^l ^ ft l a ,i V 4 j^ 5” j-aJl 4_flJsuaJb 4la«>g*aJi «C*-Jl CaUl*3 (jli t p-JLj 

iILla o\S A->*L>aJl <J j«aj La t o^La-U mfall I3 a . $ jj>-j 

. SjsLaJU (_! ji ^yJi ^J*VjJ| (jls CiJS !^ e ‘ 

^llsS jla <. ^aJl j-lk^aJl ^3 J-«j»j black hole 3 j*J\ tl J£ ilbjs 015 U lilj 
aJlxS" S jyJ\ (_Jj ^ j . Schwarzschild radius ^jdjU-jji jJLl! 0 ^iaS 

0 ~ > ■ 

. j-LS" *^3 v’l' 1 -ill^ ( — j Ls 3 2j ^-3 ^-^Jl 9 ( ^vw a - > ^J 1 aIxS^ O^-a (j ^-Jb 

3-S - ! 0 J&i 0 accretion disc ^ijjJcJI ^.UaxJ^L jj5cc LaJiUza jl 


«J[ _ r JU U ya j t Li JJ SjUI oiij jl N iaJIp JaiLlij oLJI >— ’-C>j jl <us j> _j_Vl < jail! jl (\) 

frLj^^jS® ^ tOVl Ojj^jij IjjLu? frl-aJ^Jl Oi (J0 -* ■J-*j b-Jl jlJL-*Jl 5 ji ^L«Jl o»WjJI ja« j 

t p-UJ-Ol jl_s^> aJJI . liii 0jUJl c_i XaJ pj jjL^^JI I -La ^ jjJL>»J ojLOI oL c ttaJbJi>- 

l j-* V Lfjl t Lfl-L>- 1 ( J-b VJ a-^LikJ! Oj J_ aJL*j t 0-L>-l ^5 

^jj>- t (jii*- ^LixJLj lj-a>_L-j ot ^31 LLLOt aUI oLx-^ j c^-L*J! 


* . J . AjUi 


r*v 



ya tdcSCOpC < ySL<Co jy>-j . Loj «/ 2 ]| 4JwwJl d-Jj y* 1 y>*j ^1 c Lj yL o y yLlL 

LLjuL yil yL>tJ Lis i 4j y& 4l*>» J)ybo y*-» t)L 43 L~-a yip lU^S* ^iJj 

y o-La ySLj , *Lwwu jJLSl Luliil y* * y- t_iJl y> *‘yr <Jr? ^ j J>r - > ^lLj resolution 

JjLa ^li> y*j t Ly,^ Jl ^yl^Ji y * *^>-1 LJ 15LjI y*> ls^ (J-'^LiJi £\y^j 
jt-51 yJl y> y Ijjj 5p IJlSLaj . Hubble Space Telescope (HST) yl^LW 

ySJ j v — LLU Jy*j yS*lyJl y^j. c y^l LLJb>- l. 5^ ^ j-*-LJ *V ^^cjjUxJI 

^ ^ ^ p p 

ly? yJ! aJ^L^LS' yj-S" y»Jl y~>JL 4_L2 _-w J) y$L J-3 4-a-L>- jl c j_-Sl ( y? j-s yj| 

SyJ lyrj yip JJjJI 6 L 3 IJlSIaj .jv^jJL protoplanetary {JjS I ^-ilySUl 
. cj^L/^iy^L i y>j aL-L«*>> 4>c — & j^Ip ^ L *^ 3 ^ j*S\ «J ^jJ.^ yA ^ 

t ^Lx— *»| yil y >x -’L t^y-^Vl v ->. 4 .L I ya AsliaJl cJ L^?.>^Lw» 1 A.^jLS' *- 1 j LL—^>- ycjj 

> * p > j p f 

LoL>Jl ji ^ — LLJl LiLia_s . JJU J ^y ^jJ>- JJ y_Lo_p Lj ^ 4JlSL^ o^LLS* J-vLsi j yrj 
yJj ^ j/2 y ) yJl y LiliaJl J yajj^JLw-J J)l yJj t LlLo t jyL_>iJ> 

o-L^J y_S”y>J I LiLlaJl J y>«_> LI LJJ j «a_x_j i — s_>-^_ij j . <lJLp jILl> ^jL>Li 

LIS' jl Lr? Jr? c£ JlSLilj Ljjj^Ij y oL^^-pJl 

^1 ^y J-aLLj ^-J LL« l^t-^-3 c cj^Ls-L>-xJl o-La ^y aJLp o^LLS' J^Lp (J^-*^2j>xJI 

dJUJ jli tL^L^jwJl efficiency e^USLl LiL- y Lol . ciUiJl ^Jlp y>A JL>^ 

5 ^p p J "p.** 

. LJ jLx>3 £j)y>J V I J-X£>OJ (. J ^ I aJliS" y 

jl t j^ Jj ^3 t isUaJI ^-J^o '^’^- ) A— ^jJL UIj 

* JL I j- 1 AP»-U»»Ji iw-Xia.~.o.J 1 j-^V! 1 JLa ^oLv2^jj . I 

. 4.. <3 i3 > ->»Jl Otli53l ^ J^-J i!L>- ^ jS\ 3 y* I 

j_J>l 4 jiiau>i jj-o ioLJJ ejection oJi ^ jit Oii JU>J! ^ii j j 

a f i> x p*' -- t 

J)l ^ t ^Ly3 ^y tililSLaJ aLjj . J> J-^Vi iw-^LlJl Jjip y>xH V jl y>cJ jJ 

. J)liLJl I -La ^y i 5 JwLj Jjjij-cj oUJl 

lU g . : ^l (jjl Lj^ jy L-s^Lj Lw^j J)l L-jL^LoLj 

. iSUaJlj oLJl ii>- 




4-JL-*> Lslia-jj t I J-pLLj *Jl ^y Lla ojL^oJI ^yo-SLjj 

> 5 " , -• 

L^_i!i ioiL>xJl jli i. ( J-s^-flJi ^ U_b>-J L tSj . il t iJL-u Ja JJ U3 J 



ioLoJJ /jj Jl3 j j>L>o| I J-g-S” JpliJ [S^yiJ m iiUaJl J-plidJ Aw?l>- 

. A^£> 1 JLol I AjlLdoJi 

> 

oLJ j-Sbll oJ-a minibang j» A*, /all jI>*aDM 5 c Zm 

The redshift puzzle *\ ja^JI &aJjVI ji-1 

sy>ej) 4j^ ^ j-*J ^jl *1 Ao>jjj/l jb v >lx^Jl I J-A jlSja J5 ^3 Id/ 3 ^13 1 -XJlj 

J-3 ^ jJUl £-»o ^ bwj 4 bo j/>t^a ^ jb>- Clf~~ C - ^*" ^ ^ jijlji' .jl 

Doppler ^LjjJ £1 oU~lj| t £_j jjJl jJUS ^Jl iiL^VL t ib> t .bid* j j_£j 

j, * + *t 

^3 d/ljiji _j\ do I <LJl doLS" jj>n Jl ^j-p c o j^^pj A^sLs^j redsbifts 

o-l 3^ I J->- jlj to^Jw? ob-ijNl oJla j jij jl jL Jl ^ jl Vl (.clusters xiL*Ji 

A_^jj*_^-Jl A-*— z 3 j-J2_ll j-»-yX-> Ib-A ldJ^_3 ^-bp ^-1-lfl-J ci ^ « -j j . J-X P-l^oO>t-Ji 

.(CH jl il.ci jUai^Lj) cosmological hypothesis 

•» * f. * g „,(. 

bo 9-^ySi ^y~T J* bl^l 4 ba j ~/2 U ll Aj^\jjl ,i^j2_*Jl j^\j>- 4 id>-*-o ->0 -X3 Aj 1 ^ i-P 

dota 4 dji^>co>Jl A-^jJb 4 ^wLo A-oj_SbJi A^ -o? ^-dJl jl ^S'jj . A^j 5 j-flJl oJ-A ^3 -b ^b*-a 

. oijljl j^Lp L^LLjI ^3 dojij ll ^SblJi jl Sfl t tjc^ 1 (j^b>j| 

> -* f. 

^j/2S>rJ ^xli j ^^j>xJ' A^-Ij^AJ jwX^LoJl A4jj>- ^3 d-J I Jjol 

^ a:I LS'Ij^I jp Sfji Wb ^Ui jl 5 j j^iJl olv^ cP'j' ^'j'jj^ 5 ' 

K f i > 

d->ijljl^SsJl jl jj-bp jjj A^-t_j? 1^ A3^\_P 4 d^l jj>t-<jl ^j-^^-P j^bp^J 4 dj|jlj jibJl ^3 Jj>-^_! 

^51 oLia_*_<Jl 3~V-’ ^ C—fjl A j-o->vJ! ob 

j j-~a ib il)l j— jJ! jV. ijU t l 5®-^ • cJ J ^ A is’^bc 1 (_gl ( ^ r P i 01 

^LiiS! Ohs’ ja jJ tiiL^jL ji“>bp ^J1 JwOs_^j 01 JjLa Ol$0>[ ^ 015 Ji 01 

. oijiji ^sji ^ JjU t r _ £. jsdli >:i . Sfjl oijiji ^soi 

j— <01 1^5 tJjLjJ -OwOJ ^aj t> — jjT < --0LJ 0L$0o[ OL^ oJLij 

f, > , + t- 

doj/V^ 4 /j-j j_Jd*Jl j j-flJ I dol_d_*_—^ ia^l J I JJw« 40 ^-oJl Juu o ^-oJl ^X_>tj jl i jj 

. aJ^VI ^jA ^1 jj\ Aj*}bJ aJlLoI llA Ju 0-3 . JjIa j Jjli ^<0 ^ 3 ! yZ j/ 


t ^JL c oN L>jl o-Xa Arp o^jl ^-Adg-jl dUJjl (^) 

.Quasars, Redshifts, and Controversies, Berkely, Interstellar media (1987) : *j\^ ^ 
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Apparent magnitude 

i jljl jS V • • • ^ scatter \ J 11* J^l* kkl** 01 : T _ ^ JiOiJl 

! ^ 1 . aj I — ^- 1' j 0 ^*_**Jl l j— i L* Llj^j 01 ^-a ^06*0 

. A3tw*»Jl ! J C 0 4>-ljVl pJjjtp 


iujj L^jI ij-* • ol (_g-Lp>-[ i c^lJjjS ^ Lo^jj 

Sij_>-j_* o^_^Js> LfJl ^_8al .,ig 7j tJljJl ^Jlj l l j '. t- SJ - j-xj L^J| ^>1 t o^j>«_oJi 

.(Y)j O) h 0>!jlx>cJl o*i-k ^pJj ?5 ciii-i <Lo ^3 djL&l>tjlj 

oj Nt *L>-~JI N IgJli t l~~j Sj.aU j >~ I oljljl j-S^Jl oj 

L^-jLj iJo j^>- Jl3 aj^UJI j^Jl oJ jfc o j^-> ol (_£*x* jJlLi ol . <L4 *JlS^ 

^ Jl^Ij Jji JUkJ^Vi IJL* J . ii^Ls^JI oy>iL*3\ ^yd 4j jJLa ^I_P cJa-L** 

I) jJL l 3 * A >- ^ j - s * 2l>cJ o ! Oj-U J * UL > l -^>- J^U djJj>*Jl 1 jjb jU c (_£ jj>-l SjLxjj • O jJuJl 

ro . 




0 




* 


-« 



jji ol . NGC 3842 o\JL-w*~oJl S^j>x_aJ| 

? iy>*^\ ^jA j$ jjj 1^1 


i— j t jJT o!>L ^ 1 _ ^ 

. <U^*» ji 4 ^jU W j G ^ j vr ^jLj 



ro^ 


y jZ~s- tlalai V i L^>-j ^^Lp J-s< 2 ^cJ IaL| jJLajj ij^aJaj jJuiJS j*Jajall 

i o~LgS <JL*ja>-l 0^/L>- ^ t jt-5Li-Sl ,^-P c5^ 

. S^>mJ| tljjljJ-3 l CjI jl jl^j^Jl jlj t J-P j^lill jUJl jL jl 

*1 j_»_>Jl oU-IjNl jl ^yLp ^^-ri cS*^ J-jI-* 1 <3 (^ ^oL-aj-Xj (0 jLjxJl /^sJj 
L^<axJ j ^«->«Jl L^~>-lj| ^j j jJ o^>i_a IjjkLa jjjJ j! . Ia.i>-j 4iL~«Jl /ji-p <i-4JLu 

• ,V £ ^ ^b'3l £* J-*' j— ’ 1 * j * Y tips 

Jjjl V jljlj5 JXJ j ^r^-Jl A>-lj)/! jl» dUi jl J-gi t Y,Y • J 

fuui Us-b U}Sj 1^1 jl Jj^j YjUJI 

tj^ J 1 CjIaIxsx^s j y*>~ O jL>-IjIj oljljl ^5j| jj-j /j"->l ^ — d J^' ^»_/d 

jl . Ajb jt .jwglil jJUl ^lp ^j-CLo^JLlI tliS* ■ 1*-^— ■>" A g j .3 4 l^J*4 4^% 

i T ( J'-*A2->*-) jl j j>Ja>-lS" t IJ->- A A3^l - dl ^.ALpx^j j-U^ j^Jw>tj jl (J d-^>j 

^Jfc> di-b V jl Lg_*^cj -C-P 4 ^Jij^Jl t 4-%jJo*-aJl LL*-*_Li L^j>-j 

\S\ t ibL^J! (Jj jb ^jA i oJl$S <UjJaJLa jl oV Ulj . 0 ^Jl £ * * * 

^3 Oljljlj-SdJ j ob>-(j^M Ljk>-^f La W idi-bj 4 dib {jA j^l>- 

4 £-3 jJo J . LgJLa (jj jb j-aJ| jjjl j3o IxJjLa j ^oJ>*j| 4j>-l jN I AjL^-J L^-sli? t 

Lv^ j> ■■/? 3 LjjJ jL . Ij^La A_5_3 1 jIa IwLj>- AjLv^I oLa j)la.VAv.ll j jl t oJ^LJl ^3 

jL C ^JjLoJL C ^-> jl LLI^xkJJ * 0 4jjJa v2„-a 

^3 <uLq^ jjb L>j| LaL^J C->ljljl _2^JI 

OU-ljVl j jjj . ^I^SLwJda ^^UjL I i^Jj-3 wj t !>\-La i aIj j\j 

. 0^ IaJLIP il ^<k»>jl 

«■ ^ 

l 1 yS^^A I l.^ ■» 3 ^ »A<o ^3 4 ^ — ^* I ^ ) _3 LoU 4 l^.w , “l^ 

^ > " , > 

i jA *\ O-l jl o ^-5Lil S^Jl 4-ii_LiOj . ci-L-o-^ J xbo jlla-J t ^-1 ^->tJl Lo-^l>“lj| ^3 
jJj t * , » o V c-l A^ljl *■ oj _j— ^3-51 jL~j (J-d^l ^ o^-Jwjl jliioJ L»~y t * , * Y ^ 
relative radial velocity ^-Jl A^pl^iJl ip^-Jl jU j>Ljj'yi l-U jL Lj> yil 

^yi-p| J-* jO^I ld®j . A-jilll JLayt^S AV * * y* I J^XJ ji-Lca^ 1 o^j>x-<JLS 

j _ j-j L a ^ . *voI^_Jlp ‘W.-w'j a 5 ^g>- ojLclpLj 2j jl 

jlj i ^. i zi- va . * ^j>c_4Jl jj ^igj jl Lx-_Lp jli iaJL>xJI sJla yb [L>- J^La 










aJu\ jjk tNGC 7603 e ^ 

4 o\sjds^*j» >0^ . j i a^>u ^y^sSj ,jf^J 4 ( jL~u 

. e j ~~Aj ol ^-Si i3 


0 ^_>iu^oJl £jl>Jl JfiU->«Jt <LLg-> v — S^Lya.j Jli y^jH\ §>dl 

1 iW i «i<^J L q^mS^I 

. olj-> La a]&*Z£*+*A Clj\jy+/2J Jj>~ yi (jl 0 -X_A ^3 ld- L p 4 — »->~ ^Xjj 

c oIaIi^o *1 ^*j>- djU>-ljJ oli ^>-V oIasI ^ xJl oJla j^ jcS jU*x>» dJlS Jui ] j 

. I 4jCJL*JL> C*-wJ 0*1 o*Xa c ^ot>«Jl ^^Ip 4^*1 L^-il ^I^Ip 

(j ^s ol5 ^>JJ J LJixJl LfiJiS ol 4 ^^oUi J,. #A ' 4 U^l ti ^p AjjJj 

V 4J1 ^1 US' JLij .oljljl^Jl ^ oytlkJlj superluminal motions 

0 ^->15 4-JJalj UL-o uJ jJi JUJl d4jljl doliT 1SI Ay y^0 (3 

■JA* 

LjL^>*J (1)1 U5 J 4 ld>- Oj«^\j 43 ^Lv 3LX> ^lp AijLfli L>xJ i oijSi <1)| 

p-^jQ i ,\y>~ 0 Ju Jl>- U 4 j^L>^3 0 Ld>“L>- (j| ^1 4 J-AI-XJ ^JjLa 0 

'jA>\ y& ^yA *L*J«*Jl »wJ-p| v^.fl-3 yA (jl ^1^-Lp i (j£ jJ>-\ O^- 4 * 4 JL?jl ^lP ^ J ^djI^jJ^jJl oJlA 

p j t ^ « 

. ^p! o J^$* oL*-» 


roi 



? jkiS jlaJyf (J* dloA (jli JA 

Jl j^-Sf jjJLixJl &jSij oLjL) J-aJ 

. ^liJLoSl a. 1 1 aJ«L*JI ijjikJI t lllU- Ji>-bLkJl j»JLi«Jl jj-? *-*?>*— Jl 

microwave aJLJjJI r-l_^Sll i-ili- ^SUl! jU t^lJcoVl i^p 

- * ” , , ' . , 

i£~H ^ y^l J ‘^s^l c-»ljJJ! ^yuU' ijyiy>-j'ejSj <. UJU- iia^bLJl background 
oIa rjA p* J\ yU-j <-l^j iy nucleosynthesis £~*aJl AiJL 

djL— I JUaj . A>t^»w? (j j£j ^ JL5 jUj*A>NI o j£i ol “taJ 4 A^jbxjVI JpliJl 

• (_$1 jJl 1 Jl& U jP.U oJUJp 

time a~~*jJI iJb yUl aJL>- iLgib ^^Slll jUxiiV! I j£i ol jj-°Sll °-i-* J jlj 

iiliS' JLaJ j . Ajjbj^j i;oL» A-uIji ajI yip »* ■■■* o singularity 

C— Lo^sJl j i infinite <ojJL>cj« ^~p ia_JL»JI aJL& ^ t^L*_iNlj SaLJl Sjl ^>- 

OJL><_>l '_]-?& OLSwaJ-U A-w^JO_fJl -P >Jl OjLpj i j a .a H yJl Lfrj-S - ^L>j-Sn 

mystical alij-^Jl j\ aJU-j^JI ^ llU ^-S3l tiros'! oiii IASCaj .undefined 

aj j-laj oil U lil Alii lAptop'sll JIjp-SH ^ j . Aj^ijJl ^ LjJ ^JaJ M aura 

f J->*J 0^ t AjjL^djJl oUil! Aj^P ^ jLL^I jl CjLajL^j^ Lo Aj 

ciLL ^3 aj^p o^ljL>t« (jj L^J ^>- 

k^JosxIj Aj jiao ApxALo A>*_^J LjjJ O (jl ^jj l) Is i . Aj ^la« li 

quantum <i->lJU>*l l^J\ lil j .singularity iJb ^iJl 

^jja t ^jaJL>sJLj ij* I oJL* jLSCol ^3 J lc j t 5 _aL*J| tthcory 

. ^-^]| jI>«jIjNI aJ-sA^o 

c_3 t ^-SJl jUxjOJ^fl «txj Lo 4*A Pxj 03«X>t^0 L^SjI Ji3 LjL ^Isl Lo lilj 

t ajl^w j ^-L ^ Y — A 3jJ->- ^3 ^jSj aJI Jij . o j^vJl i ^L^->- LJLSCcI 

- ^ ^ 0 „ _ " _ ^ ^ ** 

oNl cii-JLlI jL-JLpV I C ^ ILs^j3 — ^jLl J LIjI 

OjJli ^1 jL^-P^ij 4«o-u3ji 0 1 tijL*-) A^j . A-Jl^i>cJl JjU L^-oL A_o»^3 

~*l c 4 ^ ) L)^J-j W - \ Y* ^3 ^Sj t 0>>^J| j> jj>u ^Jil 

type II jtJUl ^yUJI (1)1 ?ajL^x>t^ ^ja I ^Jw^t dj£> o! 

iiUjhj . dUS ^ closed universe t models 



* ■* 

JJj j]o ^jjO C jj »,^?.«^i H o\jb Jj>*J t ^UJl t ^£^>o 

^£3 j . oli^ otS t^iUl o j£3\ J\ ttype III models «^Jli!l ^ 

oIjiaUL. ^c- c!^ULi L^jji y& •‘y^rj c_^ l--® liLta Ojo Jj^-i iiSlJLa .lIL^a 

i . f 

• i 5 _H 

j -la.) ^j_a j) o deuterium ^jjj-jij_ijJl .^.- p o ^ jj 3-51 j-*Jl a -^A 3-^j 
t (heavy hydrogen «Ju*iiJl j. ~> - jjU_>LgJl» L LJL p C rrr jj-tjIf-U isotope 

«c3J l>tiJ i.. , .^J 1 ^c-l* . ^ H ^ o j a J l 3 -0 ^Aa-dl 4^d->- ^3 

-,<rS ll A^^ixJI iJucdii oIjlaL^JIj cl.* La JlSs.’u^.o J \j t «COBE» 4^> j-Slli 

t superclusters <uiwdl aJL*Jlj t, clusters JlJL*J I j l galaxies ol^^Jl) 
JusIl*J1 ^y>- j s c aJLp f-\ j ^jj ^5cJl doalS^ c^I^>k>» * (voids 

11* *yS\ J * j . ( jS\ aJ jjbLJi aJL*Jl lUJj <^l) rich clusters a-^JI 

j! ^ . Jpl odjh ^.^Aj j ^3 Lfc j_S*jJ jU^Ji £_*~JL> 'i/ <LJJ5 j j 

^Jj-jl ^_*_Jl od-A (jl ^ A-*!^ OJ t OyJLJtZj *\ j^J>rJ\ dl-> (J ll)l 1-1 jL^-*Lj 

^}\ oJuJl^ parameters cJ\j^y . * JUoi cJl*^>- jJ oIj^Jl^iII j 

.cosmological constant chilli ol dJu& -^r^' 

f. ^ > 

<b V t ^.li^jjl Jda t N ^ N V ^Ip t i«L*Jl 4u^u«jJl t OjIiJI idja JUol jSj 
static J j-u 2 j>JI ** a^j^Ij>«J1 <Lj o^i ^lx>-l 

* ) 4 s 

D^iJl ojufc t ojjj-N^JU t CUjllli ^J->* wtilj . (^L»Jl J.^jg.11 ^Ja->l) o _^SCU 

■ ^ ✓ ** 

^ ^ / *&+>$. * £ 

j »- j jJlII ^3 J->-! aJvSUj I j AS^^a 0^-^Jl l)I {j-* >xS^LJi ^ 1-<JL>- 

*■ * 

^ jJU ol ^y° . ^^SsJl jl^xA)^! t Jl COjJl ^ tC^jllJl iJlA ^U>~j 

p > yJZ .j o^LpV (jl— >■ d- 3 ^-J 1 A-5—L3 C la ^ t (J^-^-*lwS jl t A_*>3^w« 

^ c l {,« d. eLwo ji-il ^iJl jLSoVt oJj^ . UUJ 4jjUb» 

quasisteady - state A^i JJL>JI oLJ yS ^JLp o ^-SL i LpJI c^J jJI 

9 ✓ 

^»Lp c ' j i c ^J-j^_a a_j^j (-§->■ t cosmology (QSSC) 

, > - = , i 

^A/oIp Jl>o ^ o^UJl 3^" 1 j5Ul jt-L^ 

Jlh1»j jl U^jl L« l^lj . j»JL«^Jl (J^*" dr” j 1 jL>uij'yi 


rot 



CjLj yS ,y> ^JLxj! jj 0 Lj <JjA j < 1)1 LaSLw Aj 03 t j-oJl iJlfJ AA il . l l A>- jN I 

o jk^OA j\ i JjJlijJ yA y>\ y*i £-±jjj e>y*.~+j (QSSC) o y iA ^ J l A^i 5jl>Jl 

aJL>- y* <L-j j_i ^a!I^ 1 1 Jl>- 4 _v? I ^ 1 jj>-l oAa . mini bangs 

A-wOl>- A-pl^*^>j . I Ajt^JL>- ^3 Lj ^JL> A* »«« .« i L^ASsJ j C *«— * , ^i«*Jl 

ojLapL (_£A)i JAxJI < 1)1 t oJb>- j uiL53 . o^L^Jl ^A, a > jbjiJl 

jj 

^Jfcl j. 1 ? 0 ^ • ^>eJ3A* cPi C-P>- L° *■ A.»,,J a . P o^_i L^_3 Ai> c<oL*Jl ^A a 3 aI^L^j 

iiUaJi ^J-v 2 j>o Ad t Aj^_ol ji\ j^U^Jlj ilLii!! y , ^iJij col jljl j-SUl JA* 

. aJa*JI oAa <J^L>- y» l$Jl ^Ii>cj 

a 1 JI *3 jA pJL*Jl Jx^j L)l y& coU-*-*Jl o-La L> old ajLJ ^Jp 

pJUl ^d A->LJj3j ^Jl \£$*yi L« y&j t Ja^jj Aj^j Ad SI 1 A-jIj O j-^j Ad JjJl>«Jl 

A>ljAd t 3^Ja_j» AwA ^i ^J l old tV ^ JSLjJl ^3 j ^ \a ) L*_S^j . 3^1a -o. Hj 

jvJL*J|j . jaJI ^d a>-I L* jUaidl ^d aL^LsJI coLAiill? l y» aj^Lao 

no big crunch j~S N j jl^i JI ^ j toLjJ N j ioIaj aJ ca~J 4 jli 

. ^ aLAlx^ ol>A* tAjVl ^ A w.a a 11 Jj (. no big bang j 

A^pUaJl jj>AJli . aISLJLo ^jLxj *)l lAfS oLJjA* |^Jlp old 1 ^kSLj 
! >ilLj| jl A-ixJ (1 )j3 L>co A>- (1)1 I A>- 0 ^A-saII ^ j t 

Planck ALj >Aj oL^^xj 0 y* *a» 11 caIjL>«xj^[1 ^3 aI^SoaJI aj L^^mj>cJ 1 
c *■ j-siJl ap . ^Ay t a^-L>*I cajIj-> a^Lj <zj L*-w^**j><j I oAa . particles 

jj (1)V ^ Ajii>Jl (_ 5 jA! 1 dl5i i jA ^Auj . OuLllIj ( cilJMj OAjLj j 

o^ALw-Jl a^_A AJL>*Ji vA»l-j^S ^j-Aij L^_S”j c t OIL >Lj <J^L>fcj| 

<» -- 

. ojLa-a t ^ji 3 tAja>“^L^Jl 

yo ^xaJI £ j./s ll ojLapL aA* 3 All oLr A^iL>- ^y>~j j^^iJ 

i j j-^u 5JUJ! 4^iUJl Sjl i>-jjb t JL* . SiUl Ljjl > y ^^>»i!i Jj 


ajjb j^j t LjLj iiiii L> ^Jl ii_jjl»Jl >»■ . .— ; ijjLkJl ^yt Jj L. « .., A il lil ! Singuhirtiy i_jb^jJl (\) 
US i <"c?W l Jb^y V v>Ub jiJl jl jJiJ' ^ ^ Lf“ ,>; 

oUi AillS 4<JU«J1 ,aj!j V eiUJI LiliS jL AS 3 : iSy* 4 y *^JI jl ( J.». t . ^« «. ! I jl 

ir'- J •u-'j*" J-t; Vl ^ JiJ i-W^il .Uil 


rov 
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Time 
(relative units) 


pit- ^LaJ C .*. H (jla Ljv :V _ £ Cmt.H 

AjU 4 )i ^.^Jl U fc h l l ^MjMbwhJI ^TTtJ • ^QSSCW OLm/ ^5 

. (j«~...«,il JwJl) uy oUJuJbJl j 


? j-J^I jL^a/NI oLi jiJU' j Ijl^ pJ^ l j«j (3^i of <.,4.5' 

j^LauJl ^jAAi 4^1 4 ^t£« liJ . lijZjut i*rfU> J!* J*mi Vl iibjk 

l^auQ jJ y* <~> ji <iJi Jl oJLJLJl ijji o-ilS - Uju* i «QSSC» ^ <~iL*Jl i-JL*»Jl 

. blueshifted J jjS/l ^Jl (i*-lji) <liU o jt ilS- yj >LaJI »JU O^i 
p-.dll y* ijjUL* 4 iJjl j oUS jJ Ol j hjl..l»t j^Jl i* jJfc.-s-Jl j Jui jf i..«>^i 

4^sJl j^l ■■* - ll (jSl 4 __ rr »~Jl yi 'i\m> »JL{ f 0 *VL>- j jiaJlj . ijj— JLiw«Jl 

i) y&J «_* J Ll ( tjL»» ijt ^JLp- J . Ijbf <Cj*Lj 4 A *Jl 4jji irflp 0^4 l >j>.i .< 4 ) 

standard j~£ t/ ‘J— '•** J-k J-*w~Jl 

. big bang cosmology 

Ji^J! oli p Ji*i 3 j 4 LfiP- (I ~» qJl iLJi-yj Jf j^-t <JVj 
* i . < .41 i , '« 3 j U J^ p . 1^1 *l^*>- 4^Jl 4 mSU*« 1 *JI 

4 'r*~ i~* '°y^ i i>s — t>H 4 ^*^ lOjXi 3y*z 4 Vi. 

ojJj < <QSSC» <J aJImJI iZ/LjjS ^ Jjyj j . jJuacS 

. l*£.«U V ^XJI jLs^Vl oL/ pJLe. ^ Uf . U;UI ij>Jl 

JA- ol*^ UUlJ I LUJI ji-J ol «QSSC» Jl 4 JLka? Vj 

weakly interacting massive particles ( v r Jl J^UJl ww^Jl o l 4^ >J l 

i.L^ ^ 4 1 +Ji^- j 44I4JI5 iJuLil i»Ul ot Jl; U lijj .(WIMPs) 
■ jsr^' jl^Vl ijliJ -L> 4 U 2 : JjUt 6 hi >jnJU (baryonic ^t) 

r® a 




jjj * jjf j j ijl <3 ju 4 ^131 jXJl £jj <jl£ U |< 

£~ 4 »t Ji j . £jLJ! J-*u3l IaLLu- ^i!l ^--.UJU 5J j£i 1 <jJ 1 hierarchy 

ill 4j*i3ly t>r *UJl cJ^I ^ 4^5-531 jl^irtl jJU ^ 4 jl>Jl 11* 

upward ju-L# y» 4 _Jl^ SJ jXJl i-bJl c~) jX; JLi J 4 i . »j5 y j aLJuJl f Ui*l 

4 *V ji ol jjjfcJl 4 l~» 4 ( 4 ljJi iJU-UJl ja jij U-—) hierarchical sequence 

il r l ? superclusters i.«l^ IJLlp ^ JXJU ^ 4 clusters jlJUp ^ 

•iUl ^jA lli*! ^ j !( _y*l!l ^Jl 4 I 4 JI (^131 yA til)* ~yA tr X*Jl 

0) ?cold r t hot «;>» 1*1 J* ^31 j^Xd il^Ul ^ JJUiJl 

jXJl c~,Ll3l jii ^Jjk ?ijj ij>*Jl oUJt jJ <jLJLj *Ij j^JI oUJl jj <jj < Jja 

* # 

f-Ji' ^ i jji cosmological constant 

< l|l< < 1 Lj>«_*J| JlXjiSfl jt oLe- » 1 * jLjlIL jyAyju *-L*l*Jl jj 
jU^Jl -jaSjj . ^Jl jjj jSJ ^ L-.LJ Ijja I-mJj llUJl jt j* I 4 J ^.L»Sll 
'jAi -U* ^i>lj o!>Jl 3 4fjJl Ul> ^31 oU*l3l £. I 44 JI/ ^ 1^31 

. 4&H3I aLIoJI al* JL4JU JfJU i^liiJl *lf3 ^>-U ^piL* <£t J yjim f -H 

* * 

^Uj jt ui* ^ 14 -i L-uMi s >Uii it jlc oi i^t jt 

4 minibang jUllN I iL» Oy*~ju «QSSC» •!#>* 4>t* 4 JluJt 

. <11 4 >.! ■ *■ fljjfl <3^^- *^H3 ^>c » jJL>- ( jj£sjj Lu ^ybJl jl 

l " # * 

4,4. j *.l ) I w>L>- j ..«.. 3 l <yiJU*J 4f>lJL*UL«Jl j^Jup 4»j,. * 31 oL>«l ^ jl!I jlpL.«J jli^ 

‘ JA — *J* ^ ‘!yrr^' ^rt'j 

! <ija~*a ys\ jUl *UUl »U>- jJjwjw jl* 4 ^3*3 Uj 4 l^il ^ . <LiL>l 


cold dark matter b jLJl 4b j — II bUJl j 4 hot dark matter (HDM) ;jl»Jt «b j - II bUJt 5} < \ ) 
<jij& J»-l / t »b _pJt bill oU-c obp. jfi j~H liXw JjJC oU-^m (COM) 

oii (CDM) bjUl 1U--11I Lit J 4 ^ is (HDM) i^UJl oUy^Jl cJl^ oil .^Vl <ll 

. »iu< cJIS’ 




<Llus J iL&j CitS jJLa-a Jc. OajJ) 

s 

The search for extraterrestrial intelligence [SETI] 

. ULi^j (^Uaj ^ j Ip- ^5 4jLp jJ* i ^aL) ^tla 4X>* 1 UjjJ 

^3 LjU_>-jj y* Ltd (_J^^ * ^^JLp *— d jL>*nj 

O^-L AjLj {jA y*a ^S- \lZy*LA oJl 5 UJj . *LLJI A, jUJ t*ii* i^UJl 

1 l| - — - ^ * d l^mwJ 1 IU_A 0 Ld C OjL »* ^ L— 1^4 L»«LLfc4J C ^hw^-amJ 1 A^mJ 

(J^->t-Ji £ j ^-*1-4 ^Jj (3^JaJL» j*J tal L^uU Oj-^j i— i^-vJ 0 j^Jl ^j-P Lillis' 0} . Ola> 

. (SETI gjty- <*Sd C-jU 

molecular ^Jl i^-iLJl J-va.Hl ^ t Uj-il jl Jlj oHj 

<zj 1-i cZ-jL>“ I ^Xp La^I^>-| A^Ss-ljjJl ct—>d3i -LflJ . clouds 

•1s>LojI ^3 oL—i I 4 J J->- j> 3 t eUJi*_4 4 j J <> 4 P C1jLu^>- ^Lp l_3 ^3 C 'w/ JU>-I ^J l 

f~ ^ §0 ^ 

, 1 ]Lj& (jli 1 ^ j^1_p eLn>tj| 

Li^ j ^5 j^-1 4j^>ol ^ cLpJJ JlSdil j ^ \j oLJ^/I i y~j jl 

^ll>o cLp-Ji oJl5 LiJj . 4.*,la.A*Jl <uJjI jl^>-Sfi dJJiJ ^JLp 

jll~* sU>dl LjLt> (jt j La (jli c 4£*Jl j iiUaJl 

* y t 4 > 

. iiUaJJ IjJLvfiLa ojLipL) *J^~ J I ! JlA C La J ^>- 

* 

^Ha— * oL>J! oi-Llil >_iH c ^IL< <, I_i jju N i y>iLi . ^Ja JL 0 j£S^LSj> iJliA _j 

o 0 *^ sJLa ij| Ja j ? j-^ ij^-Svja L^jj^w oN1^.t->-1 L» <. jH . I 
(J-? <jL^» ^ <y>~ o jiiA ^yrj '•iS S > ~\-‘. c (j " * " *Hi 

o j-^L3l (jj'J j-* Lit IjHLrj (jl ijjjj^j j»-*j t*y (jl o j£Sj^a!i\ juLxj ?o^^Jl 

. JkjsJL Ujl?- j 

AjJiJl oLliLHl 3^" *“— AjjliaJl (j Jl v3 Aj ( jA t ijJliJjl j~£' C A+jj 

( jA tiL^JU (Li^< Jki t <LJL>«Jl LjLjviJ jl .^ijj/l ®L>" a-vL^«I Jj->- 
<duL*Jl oli JLkHl ^-o (JiLij L« O— »L lil lju& tHjjil Jl oljLiNl ^^L_v«il 

L J-.-.ftil IjlA L-J j/LgJ^I 4 «j>-jHI (Jl JsVl lj^ J u Ch a JI . Ay*Oj\ ^jlj^jl 

Y \ ^JLj ^yJl H>- HjaJI j> <.^ 

21 - centimetre waveband around the neutral hydrogen wavelength JjL*li_«Jl 



Jc>~ JJ l^Jl (. <L«^>di oJla J^. l7 j . (^LJl J^2JtJl ^laji) 

^JJlj) j jiaioJl Ui j-^r liA-Jii 0 <jl Aj cS>~Jl ( j^ ul3d 

<L>- <La^>«J! tgjl jt-j t (LfcfJjj ^dl ApI ja}\ I jjaAJU^I AJ ^ y* 

' ix^y JjJaJI Id-* Wc 3 ^ 

^J-aUj L IjoLoi^-A jJLS-j ijl ^3 4^*j y*%z}\ <OjlJL*Ji 0^3 t lA^-*^ 

ojLAN! oJuA j^lp! ^3 LoxJul ^J LJl p-j . <LJIp oli ^j-« L# ojLiJ LJL/aA 01 

,. _ „ * « “ 

. jl £-jl>«Jl C->L5 £j£AJAj ol U-*A$ 

j! ^I p o i j»-^-L*-ij <■ ^L*j i^j-jj j '^ a -- A L» IjI__5 

. La l*k-J jJl jliJVl 

&o3La» 

<j L c L.»,»i.4 ' L L j L i*» ^ I ^ I ^jL>- ^JL^xZ ^Jl c-»li jJl>*_oJ1 cLUj IijUjI 

^p A3 cilUJl |*Jp d^j ^ ASj>j ^ ^ ^3 ^Jaj ^JLil (JjjjISojISCJI 

ul Aj N ^^*1 jJI liLaj oljJ ^p L>ji j| <JjjL ^1)1 ^1 jJl o] . ^5 



(j^Jaj OUi cJilpI jJ : A _ ^ J£aJ\ 
jtSLA Jl^r ^ iSjujlp a 4 L: 
!<*i ji* jjt' AJUjiaj jl S jJlp Ji-laJl 



aJu» jj . XJ> j+5 Oj £- Jl jl j— j» cf*^ Oj^; 

i ja£Z llAlf* . KnJ jZJt j^e- ijj^Juj 4 a yjr '. ‘ ..a. > >» 4~ a.Vj.JbyJl aJL* U^* 4 iajLLaJl 

i*i >uJl >P 4^-UVl b\ .jUJuH 11* ^ 6>JL^ jJUl JLJ jl ^Jd ijU^I 

• w-^-IpVi I^UJ ,y-al 

. . alaldl j I j£z oi UL-* Ui 5^; V ul U yo <11! AJ J 





V IaJa» 

\r j-f*; 

>o 4 iUI : ( > ) 

t\ f>? ji ,ju j fijiVi j but :(t> l*^Vi 

\ * * >iJ Ux* :(T) i^SlI 

\t\ j/ilc-UL :oUiiUl :(Oi^Sll 

'•**' ji-JinJl JLi— iJl (iUi i-jiltJl :(o) 

't'fv ;(i) 

j :(V) *j 

rt\ juJl.iw-i i- 

™ o-> 


rvr 





l\ . 

. . jla'-oJl ^ <L*j! j -VaUL^ 

0 

cjbsai IJU 

n . 


V 

i»A£» 

*v . 

<>jbU ^ b J 


jl*JI 4aJjia 


aaJLwJI :(Y) 

>r 



h . 



LaJlP — ‘UjU! Sjol*A '.(\) 

0^ . 


^ 0 

t , + 

KmJ t J*}\ ( jA £ J-*Z5 ^«w»rtSJl C^jl J 


j\ t J-l j - ^jl^; yj^ iaiai^ 

u 

.... S k > { jA C— p Jj tal*J 

Oi . 

j fc Jai 

M 


00 . 


Y Y 

>jji ^ r tJJt 

01 . 

. . «>ujJI j* *»*ji 

To 


01 

r'/^ 1 

rv 


ov . 





ov . 


n 



* * 

ov . 

4-wJlJI ^jJJI 

r\ 


1* . 


rr 


1A . 

St>s-I 

rv 

Slbb liU 

V^ . 

bLkJl i? _jlaaJl J,Jt So 


^laJl JCP i bU jJLj !oU 

VO . 


r\ 

^ ia 


TM 




oIpL- : Jppl :(£) 

A • . 

^ yd\ 

m 



Ar . 

^ "j~* 

U1 


\i . 

jl* pi 

\ot 

JjJjp 

<w . 

^>ji 1sju.*ji 

Yov 


U . 


YM 

o 1 U 

M . 



( (ploiil) Jl i jA>\ 

MY . 

fijsS/1 Jl SSJUJI J 

Mo 

uii JUJI 

y >r . 

& 

YV« 

TTJ^j * Jl (>^>iOJI 



yvy . 

l^IpL-w LajL*xpL ^ 

M . 

YM . 

. ^>*Jl j^Cj LJlP l(T*) 

' i , 


oljij oijLop-l j i^iiUl A yS\ 

Y M . 


YVY 


m . 

jP^JI pP ^y J 

\vr . 

* - 

m . 

ia-jS/l tjjJl J ^jj 

wv . 

>’ J 

m . 

(JipS'l ji JJI 

1VA . 

3 y’rj 

m . 


u* . 

.... <UA)lj f J y- ijlw/ V s 1 J 

\ ya . 


yay . 


m . 

jjbuj i-jt** 


.1.: Jl tills ijiaUJI : (o) i 

MY . 


ur . 

^ 

Mo . 


Mi . 

a£ ^>J|j olSUJl 

Mo . 


YA'Y . 

U-UJI i Jl Jl jjad 

Y YA . 

• • ■ |» la P V 1 

YM . 


yty . 

sijai pT 

Mr . 

^ * 

yvy . 


Ml . 


Yrr . 

*j jSJi luiVi 

Mo . 

_jSm 

Yro .. 

1 Q87 A , Up^I " -'I 

MV . 

J - * ' 

> 

YTA .. 

■ Lpl"^ J 



YYV »Uoa)I oIpjJLp-I t(Y) 


YTV ? JiJUcJl J* 

YT^ .. Ai l t3_^i 

YT*\ oL>-_j-fc3l 

Yr<\ J jkJl klL oJipUl! 

ol>- ^ 

Yli jljlj£J» 

Y tV . . 2J j^aJl jji 25 ol j .. — 22*^2 

> 

Y tv i^UJl Jup Sj>-i £> 

* 

YtA r-Aj*ji 

Y o • . . kiilAJI CjIa pL-JIj . p _ j-^aJl 

Y o • 

YoY 22UJI 2_iil>Jl ^ p_j-aJ! 2b>«jl 

Yot ^ Y <\ j>Ip 0^*5 2i«u 

Yoo 2JU&1 

Y ov 2iU>l 

Yo^ ^iUJ! 

YY* 2_jiUJJ *Jp (Jjl i— iLiiffl 

YYV jjJji Jw’li; 

YV Y 2^aI>«J1 c!-jL^JLp 

YVY oIaL>-_} 

YVV 2-5j„iaJl jjj 25 jsJi Sajp 

YA • 25DuJI oIpjJ5-^J IpIaj 

Y A Y <^£)l ' (V) 


Y A Y 4.0 .A— jLt ° 

YAY Yo_jS3i ^p oIJl2i<w ^ L» 


Y <W JJi-J! ij 

> 

\ ^V 

> J 

\ ^A a J» 

Y ^A . . . j»jI 2*ajLi4 i 2 pLJI 2a jli» 

Y^^ Oyj\jd\ 

Y * • 2-jaI»JI j ob^Jlj 

Y • * 2UUJ| AjjJaJl 

Y < Y 2J^I 4-<aI*JI 

Y • r 2 L,jlJL5^*>iJ1 Ljc^JI 

Y • o . . ^JUI JL^Ij 4^-^Jl ih^Vl 

Y • Y \a .*.^Sl oblpJl 

Y * Y 2-.JCj» SaLJI 

Y * ^ 2~>~*_5Jl i. ^a^S\ ^i . p oi L k 

YYY ^iUJljL^I 

y y y o^uyi ip^. 

Sjl^uJl j>L-c»-VI j 2 

Y YY“ sl^ (ivaliuJ!) 

YYV 2;oSUJl tf‘)\ aju: 

Y Y Y pIa j — II ^ 

> 

^yip «u5 ^5 

YYr Yaj-I v_jj 

YYo ? 22iU 21 a 

YYY 2J_^JI jaUx* 

YYY 2j_jjaI ^J l o^»mJI 

Y YA 2i0aJ! *S-j&u> 

Yfo 2^jU- 


YY Y 



m ijkji sjUJi 

m 

rn 

ri\ jUJl 

ViT 

no sjLUi ^i^ij f> *ji d‘j& 

Aj^ijl j3i ol j^Jlj oljljl ^531 iiU» 

nv ^uiJi ot>J! (j_^j 

rn j^i i>i^i jij 

roo <“^5 jLfJJl ^ ilu* ol5 J* 

r o<\ -ji 

^jl>- oli ^p 

rn* ' w^t 

n\ iwii- 

nr ob^Ji 

o-> 


YAA . 

(1) _j£)l ^1 p iilp S jJai 

Y<U . 

. . . . ? jjji ,y la k. ;u-Ji ^ ,J 

ro . 


r*o . 


r*n . 

j3*J' 

n • . 

... SiL_*Jl _ *■! aj^Lp 

rn . 


ru . 


ru . 

<+J j£}\ <lj\y>x^a ^jA 

ru . 

c&* ^ jJUJI Ol Ja 


oJ^xJi j-X-j <1)1 

rr* . 

vf 

nr . 

j~£}\ jU^ni jUl 

nv . 

4A-3jJl 

n«\ . 

a^LJI oU-^>Jl *\jy3 

rr\ . 



nv 






C... «. ^ - V 1 v 0 J^S J ® LJjJl <*_-ol>s-P^ L* i jy^> 

~ * p 

^^Jlp ^*>150 1 ^ a^p jj aJl5J J^JLj IJla Ll>Ii 5 jl ^p cl ^ ; p ^_> jJ-I ^ 
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